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ABSTRACT 
 
The present study was carried out in four abattoirs where camels are 
slaughtered. They are located at El-Obeid (North Kordofan State), Tambol 
(Gezira State), Abudeleig and El Salaam (Khartoum State). Samples were 
collected from the slaughtered animals to assess meat hygiene practice and 
to carry out investigations that aimed at: 
1. Determining of bacterial load and level of contamination within the 
abattoirs, the effect of treatment, the season and geographical location 
on the contamination level. 
2. Determining the source of contamination of camel meat within the 
abattoir. 
3. Isolatingand identifying the bacterial contaminants of the meat to the 
species level. 
4.  Differentiating  between camel meat from other types of meat. 
5. Determining the bactericidal effect of camel humps fats on bacterial 
growth in vitro. 
 Critical control points were selected in camel slaughter line. Samples 
were collected from working tools such as knives, hands of workers and 
various parts of the carcasses, e.g. humps. necks, briskets and flank. The 
collection was made after skinning, evisceration and washing the carcass 
with the tank water and after washing with chlorinated water treated with 80, 
100 and 110 ppm of chlorine. The samples were taken during slaughtering 
and dressing procedures and the surface contamination of camel carcasses 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
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was studied. The highest contamination recorded was in samples collected 
before and after washing the carcasses with tank water. Treatment with 
chlorinated water reduced the contaminants titre, and none was recorded 
when 110 ppm colorine was used. 
 The highest contamination levels recorded were found to be in the 
flank region, whereas the lowest contamination was found in the humps 
region. 
 Seasonal variation for bacterial contamination revealed the highest 
contamination levels was in summer and the lowest was recorded in the 
winter. 
The highest contamination levels were found in Al-obied and Tambul, 
whereas the lowest contamination was found in Al-Salaam abattoir. 
 Bacterial isolation and identification, following the standard 
bacteriological techniques revealed  the following aerobic bacterial species: 
Gram-positive: Staphylococcus capitis (3.5%), S. hyicus (3.8%), S. lentus 
(2.8%), S. sciuri (6.0%), S. epidermidis (2.0%), S. caseolyticus (6.0%), S. 
caprea (2.2%), S. gallinarum (5.0%), S. kloosii (2.1%), S. intermedius 
(1.2%), S. aureus (5.4%), S. simulans (6.0%), S. xylosus (2.7%), S. hominis 
(3.0%), Micrococcus luteus (3.8%), M. roseus (1.9%), M. varians (3.9%), 
M. nishinomiyaensis (2.0%), M. lyiae (1.3%), M. sedentariu (1.3%), 
Stomatococcus mucilaginosus (2.7%), Bacillus lentus (2.4%), B.  sphaericus 
(1.6%), B. macerans (2.4%), B. cereus (3.7%), B.  thuringiensis (4.0%), B. 
alvei (1.6%), B. coagulans (1.1%), B.  mycoides (1.5%), B. laterosporus 
(6.0%), Leuconostoc (2.0%), Lacto-bacillus brevis (4.0%), Corynebacterium 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xiv 
 
diphtheriticum (2.0%), C. pilosum (1.0%), C. xerosis (3.0%), Aerococcus 
viradans (1.3%), Rothiadentocariosa (1.7%), Kurthia zopfii  (6.0%) and 
Gemella haemolysans (5.0%). The Gram-negative isolates were: E. coli 
(10.1%), Klebsiella pneumoniae sub pneumoniae (4.4%), K. oxytoca (2.4%),  
Proteus mirabilis (4.7%), Proteus penneri (0.6%), Pasteurella multocida 
(2.5%), Pseudomonas aeruginosa (1.4%), Citrobacter koseri (0.6%), 
Flavobacterium breve (0.1%), Entrobacter aerogenes (0.6%), Branhamella 
caterrhalis (0.5%), Serratia marinorubra (0.7%), Edwardsiella tarda 
(0.4%), Hafnia alvel 0.8%), Neisseria lactamica (0.2%), Acinetobacter 
calcoaceticus (0.2%), Moraxella osloensis (0.3%) and Kluyvera (2.0%). 
 Hump fats inhibited the growth of Escherichia coli and 
Staphylococcus aureus.  
 In differentiating camel meat by using anti-camel hyperimmune serum 
prepared in rabbits, precipitation bands were observed with turbid line 
between the homologous camel meat extract and hyperimmune serum, while 
faint lines were recorded with heterologous antigen from other type of meat. 
This will disqualify the use of immunodiffission test to differentiate between 
meats of various animals.   


  
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Ϟѧδϐϟ΍ϡ΍ΪΨΘѧγΎΑΔѧΠϟΎόϤϟ΍ΪѧόΑϢѧΛώѧϳήϔΘϟ΍ϭΦϠѧδϟ΍ΪѧόΑ΢ϴΑάѧϟ΍Ω΍Ϊѧϋ΍ϞѧΣ΍ήϣϲѧϓΓήλΎΨϟ΍ϭέΪμϟ΍ϭ
έϮϠϜϟΎѧΑΞϟΎѧόϤϟ΍˯ΎѧϤϟ΍ϭ˯ΎѧϤϟΎΑϭϭϥϮѧϴϠϤϠϟ˯ΰѧΟήѧΜϛ΃ΎѧϬϧϻρΎѧϘϨϟ΍ϩάѧϫΕήѧϴΘΧ΍
΢ϴΑάϟ΍Ω΍Ϊϋ·˯ΎϨΛ΃ΙϮϠΘϠϟΔοήϋ
ϲϠϳΎϣϞΑϹ΍ϢΤϟ΢τγϻΔϴΑϭήϜϴϤϟ΍ΔϟΎΤϟ΍Δγ΍έΩΞ΋ΎΘϧΖΤοϭ΃ΪόΑΙϮϠΘϠϟΕΎΟέΩϰϠϋ΃
ΪѧόΑϢѧΛώѧϳήϔΘϟ΍ϭΦϠѧδϟ΍ΪѧόΑϱ΃Ϟѧδϐϟ΍ϞѧΒϗϲѧΘϠΣήϣϲϓΕΪΟϭΕ΍ήϤόΘδϤϠϟϱήϴΘϜΒϟ΍Ϊόϟ΍Ε΍έΎΒΘΧ΍
ΎѧϤϟΎΑϞѧδϐϟ΍ΪѧόΑϭϢѧϬΑΔѧλΎΨϟ΍ϲѧϧ΍ϭϻ΍ϲѧϓϦϳέ΍ΰѧΠϟ΍ϞѧΒϗϦϣυϮϔΤϤϟ΍ϱΩΎόϟ΍˯ΎϤϟΎΑϞδϐϟ΍ϚѧϨΘϟ΍˯
ΰѧϴϛήΗΪѧϨϋ˱ΎѧϣΎϤΗϡΪѧόϧ΍ϲѧΘΣέϮѧϠϜϤϟ΍˯ΎѧϤϟ΍ϡ΍ΪΨΘѧγΎΑϞѧδϐϟ΍ΪѧϨϋΎѧϳήΘϜΒϟ΍ΩΪѧϋϊѧΟ΍ήΗΎϤϨϴΑϯΩΎόϟ΍
100ϥϮϴϠϤϟ΍Ϧϣ΃ΰΟ
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
xvi 
 
Ϟѧϗ΃ΔѧϟϮϤΤϟ΍ΖѧϧΎϛ˯ΎΘѧθϟ΍ϞѧμϓϲѧϓΎѧϤϨϴΑϒϴѧμϟ΍ϢѧγϮϣϲϓΙϮϠΘϠϟΕΎΟέΩϰϠϋ΍ΖϠΠγ
ϨϴΑΓήѧλΎΨϟ΍ΔϘτϨϣϲϫΕΪΟϭ˱ΎΛϮϠΗήΜϛϷ΍ϖσΎϨϤϟ΍ϥ΃ΎϤϛΔϟϮϤΣϲѧϫ˱ΎѧΛϮϠΗϖσΎѧϨϤϟ΍Ϟѧϗ΍ΖѧϧΎϛΎѧϤ
ϡΎϨδϟ΍ΔϘτϨϣΦϠѧδϣϭξϴѧΑϻ΍ΦϠѧδϣϲѧϓΙϮѧϠΘϠϟΔΒδϧϰϠϋ΍ΕΪΟϭϲϓ΍ήϐΠϟ΍ϥΎϜϤϟ΍ήΛ΍Δγ΍έΩΪϨϋ
ϡϼѧδϟ΍ΦϠδϤΑΕΪΟϭΙϮϠΘϠϟΔΒδϧϞϗ΃Ύϣ΃ˬϝϮΒϤΗϒϴϨѧμΘϟ΍ϭϝΰѧόϟ΍ΔѧϴϨϘΘϟΔѧϴϠϤόϤϟ΍ΔѧψΣϼϤϟ΍ΪѧόΑ
ϟ΍ϦϣΎϬόϤΟϲΘϟ΍ΕΎϨϴόϟ΍ϰϠϋΖϳήΟ΍ϲΘϟ΍ϱήϴΘϜΒϟ΍ϞѧϛΩϮѧΟϭϲѧϟ·ϞѧλϮΘϟ΍ϢΗϩϼϋ΃ΓέϮϛάϤϟ΍ρΎϘϨ
ˬϡ΍ήΟΔϐΒμϟΔΒΟϮϤϟ΍ΎϳήϴΘϜΒϟ΍Ϧϣϡ΍ήΟΔϐΒμϟΔΒΟϮϤϟ΍ΖϠϤηϲϫΎϋϮϧ
Staphylococcus capitis (3.5%), S. hyicus (3.8%), S. lentus (2.8%), S. sciuri 
(6.0%), S. epidermidis (2.0%), S. caseolyticus (6.0%), S. caprea (2.2%), S. 
gallinarum (5.0%), S. kloosii (2.1%), S. intermedius (1.2%), S. aureus 
(5.4%), S. simulans (6.0%), S. xylosus (2.7%), S. hominis (3.0%), 
Micrococcus luteus (3.8%), M. roseus (1.9%), M. varians (3.9%), M. 
nishinomiyaensis (2.0%), M. lyiae (1.3%), M. sedentariu (1.3%), 
Stomatococcus mucilaginosus (2.7%), Bacillus lentus (2.4%), B.  sphaericus 
(1.6%), B.  macerans (2.4%), B.  cereus (3.7%), B.  thurigigensis (4.0%), B.  
alvei (1.6%), B.  coagulans (1.1%), B.  mycoides (1.5%), B. laterosporus 
(6.0%), Leuconostoc (2.0%), Lactobacillus brevis (4.0%), Corynebacterium 
diphtheriticum (2.0%), C. pilosum (1.0%), C. xerosis (3.0%), Aerococcus 
viradans (1.3%), Rothiadentocariosa (1.7%), Kurthia zopfii  (6.0%) and 
Gemella haemolysans (5.0%) 
ΎϳήϴΘϜΒϟ΍ϭΔΒϟΎδϟ΍ϡ΍ήΟΔϐΒμϟΖϠϤηϲϫΎϋϮϧ
E. coli (10.1%), Klebsiella pneumoniae (4.4%), K. oxytoca (2.4%),  Proteus 
mirabilis (4.7%), Proteus penneri (0.6%), Pasteurella multocida (2.5%), 
Moraxella osloensis (1.5%), Pseudomonas aeruginosa (1.4%), Citrobacter 
koseri (0.6%), Flavobacterium breve (0.1%), Entrobacter aerogenes (0.6%), 
Branhamella caterrhalis (0.5%), Serratia marinorubra (0.7%), 
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Edwardsiella tarda (0.4%), Hafnia alvel (0.8%), Neisseria lactamica 
(0.2%), Acinetobacter calcoaceticus (0.2%), Moraxella osloensis (0.3%) and 
Kluyvera(0.2%). 
 ήΛ΃Δγ΍έΩΪϨϋϰѧϠϋϲѧτϴΒΜΗήѧΛ΃ϪѧϟϡΎϨѧδϟ΍ϢΤηϥ΃ΪΟϭΎϳήΘϜΒϟ΍ϮϤϧςϴΒΜΗϰϠϋϡΎϨδϟ΍ϢΤη
ΔϴϋΎϨμϟ΍ΖΑΎϨϤϟ΍ϲϓϱϻϮϛΎϴθϳήϜγ΃ϭβϳέϭ΃βϛϮϛϮϠϓΎΘγ΍ωϮϧϦϣΎϳήΘϜΒϟ΍ϮϤϧ
ϥ΃ΪΟϭϯήΧϻ΍ϡϮΤϠϟ΍ω΍Ϯϧ΃ϦϣϩήϴϏϦϋϞΑϹ΍ϢΤϟΰϴϤΗΔγ΍έΩΪϨϋΪѧόΑΐϴγήΘϟ΍ΔϘϳήσ
˱ΎѧσϮτΧϲѧτόΗΎѧϬϧϷϞѧΑϹ΍ϢѧΤϟϊѧϣΔΤѧο΍ϭΞ΋ΎѧΘϧϲѧτόΗϻϞѧΑϹ΍ϢѧΤϠϟΩΎѧπϤϟ΍ϞμϤϟ΍ιϼΨΘγ΍
ϞΑϹ΍ϢΤϟϭΔϔϠΘΨϤϟ΍ϡϮΤϠϟ΍ω΍ϮϧϻϲϘϳήϔΗέΎϴΘΧΎϛέΎϴΘΧϻ΍΍άϫΪόΒΘδϳΎϤϣϱήΧϷ΍ϡϮΤϠϟ΍ϊϣΔΘϫΎΑ 
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CHAPTER ONE 
INTRODUCTION 
 
The camel is continuing to raise up a high interest as biological 
model for the scientists in the world. The close adaptation of camel to 
harsh desert conditions seems to have selected a remarkable animal 
from the physiological point of view. The knowledge of this 
physiology is far away to be ended. The main feature is that camel 
could show high interest for human medical research (Faye, 2005). 
Camel meat is acceptable for human consumption and in some 
communities it may replace meat from other animals. Reports that 
camel meat is less tender than beef are probably due, at least in part, to 
the higher average animal age and/or to post-mortem carcass chilling 
conditions. Camel meat, especially from young animals, contains low 
fat with low cholesterol as well as being a good source of amino acids 
and minerals (Kadim et al., 2008). 
The amino acid and inorganic mineral contents of camel meat 
are high compared to beef due to the lower levels of fat content in the 
meat of the dromedary (Alkanhal, 1994; Elgasim et al., 1987; Kadim 
and Mahgoub, 2006; Kurtu, 2004). 
Methods of improving the intake of nutrients is especially 
important in developing countries, and in this respect the high content 
of protein and other nutrients in camel meat means that it could 
provide a valuable complement to low-protein diets particularly for 
vulnerable groups like children and pregnant women. The nutrient 
content of camel meat can be affected by age, sex, carcass weight, 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 2 
fatness, packaging and storage conditions, and time (Dawood and 
Alkanhal, 1995; Schweigert, 1987). 
 Processing of camel meat such as drying, curing and smoking 
have taken place in Arabia for many years. Zegeye (1999) suggested 
that the acceptability of camel meat products increases with an 
increase in the duration of smoking, frying and cooking, indicating 
that such products should be fully processed to gain acceptability. 
Recently, Australian processed camel meat has been accepted as an 
internationally traded meat product. It is now exported to Saudi 
Arabia, throughout Asia, Canada, United States and Europe. Camel is 
available in carcass form or as fresh or frozen vacuum-packed cuts. A 
dried meat product, from which sufficient water has been removed by 
drying to make it microbiologically stable without refrigeration, is 
also available (Ulmer et al., 2004). 
Gracy (1985) reported that bacteria associated with meats 
depend on the bacteriology of the soil on which the animals were kept 
prior to slaughter. The bacteria were transferred to the hide and then to 
the exposed meats.  The guts of food animals harbour many kinds of 
bacterial flora. Ayres (1955) indicated that the number and kinds 
varied among meat animals. In ruminants, the largest numbers of 
bacteria were present in the rumen while the lowest were found in the 
abomasums where high acidity destroyed most of the bacteria 
adhering to the feeds. Bacteria that escaped the gastric acidity pass 
down the canal and grow abundantly, so that the bacterial population 
increases progressively. Ultimately a great and growing numbers are 
found in the lower part of small intestine, in the colon and in the 
rectum. 
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Gracey (1985) in his book stated that contamination of meat can 
readily occur during handling. Potentially dangerous bacteria persist 
in offals if not treated properly thorough washing and cooling down 
that controls the activities of such organisms.  
Large numbers of bacteria of many kinds are carried to the 
abattoir on the skin, hooves and body cavities of meat animals and 
during the slaughtering and handling. The environment becomes 
grossly contaminated (Haines, 1933; Jepsen, 1967 and Thornton, 
1968). The identified bacteria polluting the environment of the 
slaughterhouse composed of the following genera: Staplococcus, 
Micrococcus, Bacillus, Pseudomonas, Achromobacter, Flavo-
bacterium. Azobacter, Aerobacter and Coliforms. During dressing and 
evisceration, tissues become contaminated from skin, the respiratory 
system, the gut, meat handlers, tools, equipment and water (Gracy, 
1985).  
Large numbers of E. coli haemolytic streptococci and aerobic 
spore forming bacteria are found on the hands of food handlers 
(Minch and Harward, 1951), they according to Gracey (1992) the 
public health role is to safeguard the community against hazards from 
this meat and to provide these products in good quality. 
Staphylococci in raw meat may originate from handlers and 
their presence is an index of personal hygiene. Man disseminates 
staphylococci from respiratory infections; suppurative lesions, boils, 
infected cuts, abrasions, from the nostrils of carriers or by coughing, 
sneezing or expectoration particularly while suffering from a throat or 
bronchial infection (Thatcher, 1956; Gilbert et al., 1973). 
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The main objective of meat hygiene and inspection is to prevent 
meat spoilage and meat-borne infections. The meat hygiene, 
inspection and control practices are based on the concept of the 
transmissibility of diseases through either consumption or handling of 
meat (Ibrahim, 1990). 
Kaplan (1957) maintained that the standard of meat hygiene in a 
particular country is greatly influenced by the economic situation and 
level of public education.  
Many food poisoning outbreaks were traced to the consumption 
of meat from animals slaughtered while obviously ill i.e. whose 
carcass and organs showed little noticeable change on post-mortem 
examinations.  
Johnston (1990) suggested that faecal contamination of the 
environment can be restricted by correct disposal of animal and 
human waste. The use of good husbandry methods and the 
maintenance of high standards of animal health should be encouraged.  
Kaplan (1957) emphasized that the failure to provide hoists or 
hooks which permit the dressing of carcasses to take place off the 
floor lead to faults in the procedure of the dressing of the carcass in 
warm weather countries. Contamination can be a consequence of floor 
dressing in the same compartment as well as lack of adequate safe 
water supply during post-mortem. Further, lack of space during  
inflation where air finds its way to deeper parts of the carcasses 
can introduce contaminants that will eventually disperse through the 
meat. When air is forced during dressing by the mouth, further 
hazards of meat contamination can result. Another undesirable 
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procedure is the custom of leaving the rectum in dressed sheep and 
goats, to demonstrate the well nourished condition of the carcass. 
  Kragelj and Soban (2001) pointed out the principle sources of 
bacterial contamination (anaerobic, proteolytic, spores, psychrophilic 
and entrobacter) at the abattoir were skin animals, faeces, slaughters' 
coveralls and knives. 
Objective of the study: 
As based on the forth going introduction and several 
observations, this study was designed to investigate the following: 
a. To determine the sources of camel meat contamination within 
abattoirs at different locations within Sudan. 
b.   To determine the bacterial load and level of camel meat 
contamination within the abattoirs. 
c. To identify, the bacterial contaminants of camel meat to the 
species level. 
d. To find a reliable method to differentiate camel meat from other 
types of meat. 
e. To determine the effect of camel hump fats on bacterial growth 
in vitro. 
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CHAPTER TWO 
LITERATURE REVIEW 
 
2.1 Classification of camels 
 The family Camelidae includes two subfamilies: Camelinae 
(Old World Camelids) and Laminae (New World Camelids). There 
are two species of camel within the genus Camelus. The Dromedary, 
one-humpsed or Arabian camel (Camelus dromedaries); and the 
Bacterian, two-humpsed camel (Camelus bacterianus) (Dorman, 
1986; Wilson, 1984). Four species of the New World camelids are 
found in South America: the guanaco (Lama guanacoe) and the 
vicuna (Vicugna vicugna) are wild, whereas the llama (Lama glama) 
and the alpaca (Lama pacos) are domesticated (Murray, 1989; 
Skidmore, 2005). The Llama and Alpaca are mainly used for meat and 
fibre production. 
There have been some attempts for crossing between the 
Dromedary and Bactrian camels which resulted in weak non-fertile 
off-springs. Recently a successful attempt was made to cross the 
dromedary with the Llama (Skidmore, 2005).  
2.2Distribution and numbers of camels 
According to FAO statistics (FAO, 2004) there are about 19 
million camels in the World, of which 15 million are found in Africa 
and 4 million in Asia. Of this estimated world population, 17 million 
are believed to be one-humpsed dromedary camels (Camelus 
dromedarius) and 2 million are two-humpsed (Camelus bactrianus). 
More than 60% of the dromedary camel population is concentrated in 
the four North East African countries of Somalia, Sudan, Kenya and 
Ethiopia (Farah et al., 2007). Sudan and Somalia have 70% of the 
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total African camels and 55% of that of the world camel's population 
(Wilson 1984).  The distribution of C. dromedarius and C. bactrianus 
is shown in figure (1) agriculture areas and around cities.  
Camels in the Sudan can be classified into the following breeds 
and/or breed type: Khawar camels (meat type and milk type). Zoloul 
camels (short and long distance ridding camels) and draught camels. 
Available data on phenotypic and production characteristics are 
documented for 10 camel breeds in Sudan, namely: Kababishi, Pure 
Sudany, Garabawy, Arabic Butany, Janouby, Rashaydy, Sawahly, 
Desert type, Annaffy, and Bashary (Khouri, 2000).  
2.3 The camel as a biological model 
The adaptation of camel to desert conditions (water and food 
shortage, high temperature and low nutritive value of feeding 
resources) has fascinated many scientists in the past. The studies on 
the ability of camel to support dehydration, poor quality of the diet, 
specific deficiencies or hot climate are among the most common 
researches concerning that species. In the recent decennia, different 
studies have allowed advancement in the knowledge of the 
mechanism of the adaptation especially to dehydration, energetic 
deficiency, low protein diet and mineral deficiency. Further, the camel 
has been also an interesting biological model in immunology, 
pharmacology, nutrition and preventive medicine (Faye, 2005). 
2.3.1 The metabolism of the adaptation 
 The adaptation is the ability to survive and produce in 
unfavourable conditions. In this aspect, camel is a rare big size animal 
able to accept desert conditions. The adaptation to dehydration and 
rehydration is one of the better known mechanisms (Yagil et al., 1974, 
Wilson, 1989, Bengoumi and Faye, 2002). This adaptation is the result
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Fig. 1: Distribution of C. dromedarius and C. bactrianus (Infectious Diseases of 
Camelids)  
 
 
 
 
 
 
 
 
C. dromedaries 
 introduced 
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of remarkable anatomical and physiological peculiarities (Faye, 1997), 
Two main mechanisms are playing: (i) the reduction of water loss by 
physiological processes resulting in the decrease of the urine 
excretion, decrease of the basal metabolism, body temperature 
variation and sweating, and (ii) maintenance of homeostasis by the 
regulation of the vital parameter concentrations and by a maximal 
excretion of metabolic wastes (Faye, 2005). 
2.3.2 The pharmacological model 
Camel has a lower ability to metabolize xenobiotics as 
medicines or toxins. More generally, the reaction speed of the camel 
to general metabolism appears to be slower in many cases. Therefore, 
veterinarians have to pay attention to the use of medicine in disease 
prevention or treatment of camels (Faye, 2005). 
2.4 Camel carcass weight and dressing-out percentage   
 Camels are a good potential source of meat as they yield 
reasonably heavy carcasses under inexpensive management systems. 
A wide range of carcass weights have been reported for camels, with 
the variation apparently due to condition, sex, breed and age at 
slaughter. Camel carcass weight, which generally ranges between 125 
and 400 kg, increases with increasing bodyweight as expected. The 
average carcass weight was 168 kg in the study of Abouheif et al., 
(1986), but was much higher at 300-400 kg in Iranian camels 
(Khatami, 1970). In Kenya, the average camel carcass weight was 290 
kg (Bremaud, 1969).  
 Following the trend in camel live weight under the same 
environmental condition, Kurtu (2004) reported that the weight of 
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male camel carcasses was greater than that of carcasses from females 
by 48%, while Wilson (1978) reported an average of 209 kg for 
Sudanese camel carcass weights, with males (231 kg) being heavier 
than females (196 kg). Higher values of 240 and 232 kg carcass 
weights of male and female camels, respectively, were reported for 
this breed by Yousif and Babiker (1989). 
 Dressing out percentage is an important measure of yield in 
meat animals, but it varies due to factors such as age, weight, fatness, 
dressing procedures, and degree of gut fills at slaughter (Table 2.1). In 
the camel dressing-out percentage varies from 55% to 70% (Kamoun, 
1995; Knoess, 1977; Tandon et al., 1988) depending on sex, body 
condition and breed. Males have higher dressing-out percentages than 
females, which varies between 51% and 54% for Ethiopian camels 
(Kurtu, 2004). Wilson (1978) reported an average dressing percentage 
of 48% in Sudanese camels, being higher for males (51%) than 
females (47%). Babiker and Yousif (1987) reported dressing 
percentages of 54.4% for cold carcasses and 55.9% for hot carcasses 
in male Sudanese camels. Higher values were reported for both sexes 
by Yousif and Babiker (1987), (57% and 63.8% dressing percentages, 
respectively). 
 Congiu (1953) reported a 56.1% dressing-out percentage for 
males and 54.1% for female Somali camels. In Australian camels, the 
dressing-out percentage was 53% for 4-year-old male camels and 48% 
for 7-year-old females (Central Australia Camel Industry Association, 
1997). Herrman and Fischer (2004) reported an average 53.6% 
dressing-out percentage for castrated 7-10 years old Somali and 
Turkana camels in Kenya. 
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Table 2.1: Weights of the carcass (including the humps) and non-carcass 
components plus the same items expressed as a percentage of empty 
live weight or as percentage of empty live-weight of the camel 
(Wilson, 1978) 
  
 Weight (kg) % of empty live weight 
Mean Range Mean Range 
Carcass wt 208.5±38.70 141.0-310.0 60.7±2.09 55.75-65.11 
Humps 4.0±4.30 0.0-20.00 1.1±1.04 0.00-4.45 
Heart + lungs 8.4±1.13 6.5-10.50 2.5±0.33 1.78-3.36 
Liver 7.5±1.45 4.5-11.00 2.2±0.41 1.47-3.45 
Head (skinned) 12.1±1.81 8.0-16.50 3.6±0.32 2.80-4.49 
Feet 14.6±2.25 10.5-19.50 4.3±0.37 3.31-5.16 
Hide 34.8±6.11 22.5-47.00 10.2±0.81 8.50-11.76 
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The weight of humps, which is mainly composed of fat, may 
account for 8.6% of the carcass weight (Kamoun, 1995), and can 
affect dressing-out percentage. Large fat animals in that study had a 
dressing-out percentage of 58% whereas relatively thin camels had a 
dressing-out percentage of 48%. The differences in dressing-out 
percentage in the previous study may have been due to variation in 
body weight and fatness because the animals were fed different 
quantity and quality rations. Although age has a significant effect on 
carcass components with advantages to slaughter camels at an early 
age, Abouheif et al. (1990a) found no significant differences in 
dressing-out percentages in 21 Najdi male camels slaughtered at 8, 16 
and 26 months of age. Dressing-out percentage values in the camel are 
comparable to those reported for tropical cattle (Mahgoub et al., 
1995a, 1995b) with the dromedary having a tendency for higher 
dressing-out percentage than other cattle (Al-Ani, 2004). 
2.5 Camel carcass composition 
 There is no standard cutting system for camel carcasses as there 
are for other meat animal species. Abouheif et al. (1990a) divided the 
carcass side into forequarter and hindquarter by cutting between the 
11th and 12th ribs. The forequarter is usually divided into five 
wholesale cuts (neck, shoulder, brisket, rib and plate), while the 
hindquarter into three wholesale cuts (loin, flank, and leg). Fig.. (2 and 
3) shows the general cutting procedures for eight wholesale cuts. 
However, Herrmann and Fisher (2004) and Kamoun (2005) proposed 
a different method that gave the proportions of different cuts.  
 The forequarter is larger than the hindquarter with the latter 
being about two thirds of the former. This is mainly due to the
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Fig. 2. Division of the camel carcass into primal cuts (Farah et al., 2004) 
 
 
 
 
 
 
 
Fig. 3. A side of carcass showing the general position of the cuts using dotted 
lines (Kadim et al., 2008). 
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presence of the humps which comprises about 1-5% of live weight. 
Kurtu (2004) reported similar figures for male and female camels. 
Excluding the humps (4.6%), the forequarter contributed 23.8% 
whereas the hindquarter contributed 21.3% of live weight in Somali x 
Turkana camels (Herrmann and Fisher, 2004).  
Carcass components are unevenly distributed within the carcass 
between the hind and fore quarters. Muscle, bone and fat components 
were 59.3%, 4.5% and 36.2% in the fore half and 66.5%, 14.9% and 
17.3% in the hind half, respectively (Kamoun, 1995). 
 An important characteristic of camel meat is its low fat content 
compared to many other meat species. However, there are some 
reports of higher fat contents in camel carcasses apparently depending 
on the feeding system. Kamoun (1995) reported that 269 kg 
dromedary male camel carcasses contained 57% muscle, 25.5% bone 
and 16.9% fat. Wilson (1998) reported a proportion of 57% muscle, 
25.5% bone and 16.9% fat in average camel carcasses. The proportion 
of muscle in Sudanese camels was 56%, with 19% bone, and 13.7% 
fat, with a muscle: bone ratio of 3.0 (Yousif and Babiker, 1989). The 
fact that camel meat contains less inter and intramuscular fat than 
other meat animals that may be used in marketing strategies of camel 
meat (Dawood and Alkanhal, 1995). However, the intramuscular fat 
content of muscle is of some importance because it enhances the 
palatability traits such as flavor, juiciness and tenderness (Kadim       
et al., 2008). 
 The proportion of muscle in the camel carcass is comparable to 
that of cattle (Mahgoub et al., 1995a, 1995b; Preston and Willis, 
1975) whereas carcass bone is higher and therefore the muscle to bone 
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ratio is lower for camels (Babiker, 1984). This may be possibly 
attributed to increased bone length. The muscle: bone ratio is 3.0 in 
Sudanese camels (Yousif and Babiker, 1989). Muscle distribution 
varied according to the anatomical site on the carcass. The highest 
proportions of muscle in the carcass were in the ribs and backbone, 
hind legs, fore legs and the neck of live weight in the camel 
(Herrmann and Fisher, 2004). Abouheif et al. (1990a) studied the lean 
percentage in fore- and hind-quarters and in nine wholesale cuts of 
eight Najdi male camels slaughtered at three different ages (8, 16 and 
26 months). Carcass components are unevenly distributed within the 
carcass between the hind and fore quarters. Muscle, bone and fat 
components. Age, sex, breed and the nutritional state influence body 
composition in the camel. Age has a significant effect on carcass 
components with distinct advantages in slaughtering camels at an 
early age. Muscle content was highest for 2-year-old castrated camels. 
Humps fat represented 1.9% of the dressed carcass of the 24 month 
old and 5.19% of the carcass of 44-month-old camel (Kulaeva, 1964). 
Sex is an important factor in determining carcass yield in the camel. 
The total meat weight from male camels was higher than from females 
by 53% (Kurtu, 2004). As in other farm animal species, females are 
fatter than males especially at older ages. Congiu (1953) reported 
8.8% and 20.5% carcass fat for male and female 10-12 year old 
Somali camels. 
2.6 Camel Meat composition 
 Camel meat varies in composition according to breed type, age, 
sex, condition and site on the carcass. Water content differs only 
slightly between species, while differences in fat content are         
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more marked (Sales, 1995). Camel meat contains 70–77% moisture 
(Al-Owaimer, 2000; Al-Sheddy, Al-Dagal, and Bazaraa, 1999; 
Dawood and Alkanhal, 1995; Kadim et al., 2006). These levels are 
higher than those in meat of other farm animal species (Table 2.2). It 
is also a good source of protein containing about 20–23% (Al-
Owaimer, 2000; Kadim et al., 2006; Kilgour, 1986). This level is 
similar to those in other farm animals, but lower than that in the 
Llama. Chemical intramuscular fat levels in camel meat vary greatly. 
Al-Owaimer (2000) reported a value of 5.2% for camel Longissimus 
dorsi. Kadim et al. (2006) reported a mean chemical fat of 6.4% for 
camel Longissimus dorsi, which is comparable to the 7% reported by 
Dawood and Alkanhal (1995). Shalash (1988), El-Faer et al. (1991); 
Elgasim and Alkanhal (1992) reported slightly higher values, whereas 
Babiker and Yousif (1990) and Cristofaneli et al. (2004) reported 
lower values (0.50– 1.43%). However, the maximum value recorded 
for fat in the study of Kadim et al. (2006) was 10.5% for camel 
between 5 and 8 year-old, while 4.4% for 1-3 year-old, indicates that 
the fat content of camel meat may increase with age. Ash content in 
camel meat, which ranges between 1.1% and 1.5% (Al-Owaimer, 
2000; Kadim et al., 2006), is within the range of values reported for 
other farm animals. 
Age has a significant effect on camel meat composition. The 
general trend was that moisture and protein decreased and fat 
increased with increasing age while ash remained the same.  In 
general, meat from young camels (below 5 years) has less protein, fat 
and ash but of higher moisture than older camels (Yagil, 1982). Naser 
et al. (1965) studied the effects of age, sex and location on camel meat
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Table 2.2: Comparison of camel meat with meat from other species 
    (Kadim et al., 2008). 
 
Species Moisture  (%) 
Protein  
(%) 
Fat 
(%) 
Ash 
(%) Muscle 
Camel 71.0 2.14 4.4 1.10 Longissimus 
Llama 73.9 23.10 0.51 2.43 Longissimus 
Alpaca 73.6 23.3 0.49 2.50 Longissimus 
Beef 71.5 21.5 5.50 0.90 Longissimus 
Sheep 68.9 21.0 8.50 1.20 Longissimus 
Goat 76.5 20.8 1.60 0.87 Longissimus 
Broiler 75.5 22.4 1.50 0.60 Pectoralis major 
Duck 76.8 21.0 1.68 1.00 Pectoralis major 
Turkey 73.5 22.2 0.30 1.40 Pectoralis major 
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composition. They reported average contents of protein, moisture, fat 
and ash of 20.1%, 78.3%, 0.92% and 0.76%, respectively, in camels 
below 5 years. Camels at 5 years or above had values of 22.0, 76.2, 
1.01 and 0.86%, respectively. Kamoun (1995) reported 77.7% 
moisture, 18.7% protein, 1.0% ash and 2.6% fat in camel meat. He 
stated that after 3 years, intramuscular fat in the humps makes meat 
rich in fat resulting in marbled meat (Kamoun, 1995). 
 There are differences in the chemical composition of camel 
meat from various parts of the body (Shalash, 1979a). Fat percentage 
is commonly higher in the sternum than in the thigh. Comparison 
between three different muscles of the camel (Longissimus, Semi-
tendinosus and Triceps brachii), revealed similarity in protein, 
moisture and fat content, but differences in ash content (Babiker and 
Yousif, 1990). Chemical composition of camel meat varied between 
the shoulder, topside and loin (Herrman and Fischer, 2004).  
They are also comparable to other red meats (beef, veal, and 
lamb) (Greenfield et al., 1987; Elgasim and Alkanhal, 1992). Camel 
meat like other red meats contains high levels of potassium followed 
by phosphorus, sodium, magnesium and calcium, respectively, plus 
smaller percentages of other elements. Similar findings were reported 
by Dawood and Alkanhal (1995) and El-Faer et al. (1991) for Saudi 
one-humpsed camels. The mineral and vitamin content of muscles 
from camel shoulder (mg/100 g) were: 6.5 calcium, 23.6 magnesium, 
293 potassium, 58.2 sodium, 3.4 zinc, 2.1 iron, 0.2 copper, 0.12 
thiamin, 0.18 riboflavin, 0.25 pyridoxine, and 0.61 a-tocopherol 
(Ulmer et al., 2004). Calcium content of camel meat is higher than 
that of beef which may partly explain the tight structure of some cuts 
of camel meat. As for other species, mineral content of camel meat 
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varied widely, most probably because of differences in sampling 
methods, sites in the carcass (Elgasim and Alkanhal, 1992) or to a 
wide variability between individual animals. However, yet these may 
still reflect genuine species differences. Mineral and vitamin contents 
of the camel meat varied according to the anatomical site on the 
carcass. The edible meat tissue from camels also contains less 
cholesterol than beef or lamb (Table 2.3), which suggests that camel 
meat is healthier. 
 Cholesterol values that are available for meat is wide and often 
affected by dietary factors, age, sex and analytical method used (Abu- 
Tarboush and Dawood, 1993; Kunsman et al., 1981). Low levels of 
saturated fat in the diet are important for avoiding atherosclerosis 
because of their effect on plasma cholesterol levels (Stamler et al., 
1970), and low intakes of saturated fatty acids and cholesterol are 
important for the control of obesity, and hypercholesterolemia, and to 
decrease the risk of cancer (Chizzolini et al., 1999). Health organiza-
tions recommended reductions in total fat intake, particularly saturated 
fatty acids and at the same time increasing the consumption of 
polyunsaturated fatty acids. Recent research in this domain has 
focused on the nutritional relevance of the n - 6/ n - 3 polyunsaturated 
fatty acid ratio and conjugated linoleic acid in the human diet, both of 
which are considered beneficial to human health, due to anti-
carcinogenic, antiatherogenic and immune-modulating properties 
(Mulvihill, 2001). This renders the camel meat with its low fat and 
cholesterol content a healthy food. The monounsaturated fatty acids in 
camel meat account for almost one-third of the total fatty acids and are 
dominated by camel meat has a relatively low content of histidine, 
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Table 2.3: Cholesterol content (mg/100 g edible portion) of meat from different 
animals (Kadim et al., 2008). 
Species Cholesterol (mg/100g) Reference 
Camel 50 El-Magoli et al. (1973 
Kangaroo 56 Sinclair et al. (1982 
Harp seal 99 Shahidi and Synowieki 
(1993) 
Ostrich 62 Sales (1996) 
Beef 59 Holland et al. (1991) 
Chicken 57 Holland et al. (1991) 
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tryptophane, valine, leucine and isoleucine; otherwise it is similar to 
that of lamb except for lower lysine content, although it should be 
noted that these comparisons were not made within the same 
laboratory. The amino acid composition of camel meat did not differ 
significantly by either type of cut or slaughter age (Dawood and 
Alkanhal, 1995). According to Rice (1978) the amino acids content of 
meat protein is quite constant, regardless of the species or the type of 
cut from which the meat is obtained. The most abundant essential 
amino acids in camel meat and other meats are lysine, leucine and 
arginine. 
2.7 Camel meat quality 
 Camel meat quality characteristics in general, are comparable to 
those of beef (Fischer, 1975; Kadim et al., 2006; Knoess, 1977; 
Leupold, 1968; Mukasa-Mugerwa, 1981; Shariatmadari and Kadivar, 
2006a, 2006b). Camel meat is described as raspberry red to dark 
brown in colour with a sweet taste due to the high glycogen content. 
The fat of the camel meat is white (Leupold, 1968). Camel meat had a 
significantly lower level of sarcoplasmic proteins as a proportion of 
total proteins than beef in the study of Babiker and Tibin (1986). An 
increase in meat toughness and a reduction in the palatability and 
quality are reported with increasing age (Dahl and Hjort, 1979;        
El-Amin, 1979; Kadim et al., 2006).  
 The ultimate pH of muscle is a major determinant of meat 
quality and is largely determined by the depletion of glycogen and 
accumulation of lactic acid pre- and post-slaughter. The range of the 
ultimate pH values of dromedary camel meat ranged between 5.7 and 
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6.0 (Al-Sheddy et al., 1999; Cristofaneli et al., 2004; Kadim et al., 
2006). 
Tenderness of meat is rated as the most important quality 
attribute by the average consumer and appears to be sought at the 
expense of flavor or color (Lawrie, 1979). The amount of alkali-ine 
soluble protein, the shear value and the diameter of the fibers are 
inversely proportional to the tenderness of the meat. The most marked 
difference in meat quality characteristics between camel meat and 
other livestock is believed to be tenderness. Camels are usually 
slaughtered at the end of their productive life (>10 years) which is the 
reason that camel meat is classified as a low quality meat. In Kenya, 
the average age for camels slaughtered is 14.5 years (Mukasa-
Mugerwa, 1981). 
 Average shear force value of camel meat at 6–8 years is 48% 
and 40% higher than those of 1–3 and 3–5 years old, respectively 
(Kadim et al., 2006). A number of studies have also shown that shear 
values increase with increasing animal age (Asghar and Pearson, 
1980; Miller et al., 1987; Purchas et al., 1997). Differences due to age 
may be related to changes in muscle structure and composition as 
animals mature, particularly in the connective tissue (Asghar and 
Pearson, 1980). 
 Meat from 6-8 years old camels is darker (lower L) and redder 
(higher a) than that of 1-3 years camels in the study of Kadim et al. 
(2006), probably because of higher concentrations of myoglobin. 
Other factors affecting meat color include muscle fiber type, ultimate 
pH, and cooling rate (Abril et al., 2001). Post-mortem protein 
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degradation increases light scattering properties of meat and thereby 
increase L, a and b values (Offer, 1991). 
 Expressed juice is an important meat quality characteristic 
because of its influence on nutritional value, appearance and 
palatability. Kadim et al. (2006) reported that meat from camels 
slaughtered at 1-3 years had higher expressed juice values than those 
slaughtered at 6-8 years of age, probably due to variations in fat 
content and binding ability of meat. Miller et al. (1968) showed that 
water-holding capacity decreased as fat levels increased due to an 
increase in the ratio of moisture to protein. Similarly, Dawood (1995) 
reported that young camel meat (8 month of age) had significantly 
higher expressed juice than the meat from 26 month-old camels. The 
dromedary camel meat contains higher expressed juice than other 
camelidae such as the llama and alpaca probably because of the lower 
fat content (Cristofaneli et al., 2004). The volume of dromedary camel 
meat is reduced by 44.3% and weight by 48.2% after boiling in water 
for 40 min (Kamoun, 1995). The drip-loss of 18 camel meat samples 
stored for 10 weeks at -20oC ranges from 8.2 to 12.3% of the original 
weight of the meat (Dawood, 1995). The amount of loss is probably 
related to ultimate pH of the muscle, to the composition of muscle and 
to the denaturation of proteins by the ionic strength of the extracellular 
fluid, and to oxidation of lipids which decreases the solubility of 
proteins (Dyer and Dingle, 1967). 
2.8 Nutritive value of camel meats 
 The concentrations of amino acids and inorganic minerals of 
camel meat are higher, with less fat and higher moisture content than 
in many beef products. The monounsaturated fatty acids in camel 
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meat account for almost one-third of the total fatty acids and 
dominated by oleic followed by palmitoleic acid (Rawdah et al., 
1994). The ratio of the polyunsaturated chains to the saturated ones is 
0.36 as compared with 0.22, 0.26 and 0.36 in beef, mutton and goat 
meat, respectively (Sinclair et al., 1982). The percentage of poly-
unsaturated fatty acids in camel meat (18.6%) falls between those 
reported for the meat of beef (8.8%) and buffalo (28.6%) and deer 
(31.4%) (Sinclair et al., 1982). The ratio of linoleic acid metabolites to 
linolenic acid metabolites in camel meat is about 10.9 and this is much 
higher than the ratio found in the meat of cattle, sheep and goat (2.0, 
2.4 and 2.8), respectively (Sinclair et al., 1982). Moreover, camel 
meat is believed by Somali and Indian people to have remedial effects 
for as many as 13 different diseases, including hyperacidity, 
hypertension, pneumoniae and respiratory diseases and also to be an 
aphrodisiac (Kurtu, 2004).  
2.9 Camel Meat processing 
 Recently, more attention has been paid to the nutritional value 
of camel meat, with the aim of creating additional value for various 
camel meat products (Ulmer et al., 2004). Thermal processing, curing 
and smoking are the three most common methods used for camel meat 
preservation and processing (Kalalou et al., 2004; Zegeye, 1999). As 
consumers may have different reactions to products, overall 
acceptance must be determined by sensory evaluation. The 
acceptability of camel meat products increases with an increase in the 
duration of processing (smoking, frying and cooking) indicating that 
the products should be fully processed to gain maximum acceptability 
(Mansour and Ahmed (2000).  
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 The range of traditional camel meat products is limited, and is 
characterized mainly by dried meat products, made by crude methods. 
Because of the climatic conditions and lack of cold storage facilities, it 
is virtually impossible to keep meat or meat products fresh for longer 
periods of time in the tropics. One important technological problem in 
the processing of camel meat products results from the poor 
emulsification ability of camel fat. The production and storage of meat 
products from camel meat utilizes basic technical facilities (Ulmer     
et al., 2004). 
 Seasonal variations in climate should be taken into account in 
the manufacturing of dried products. Drying of camel meat is usually 
done by putting the meat on simple wire gratings in shady places in 
open air. The meat is usually cut into strips, then dry-salted or rubbed 
with a paste of spices and dried in the sun on straw mats. Dried 
products are frequently smoked over a fireplace, to improve their 
flavor and microbiological stability. If the products are not packaged, 
they must be stored in dry well aired conditions. If the products are 
packaged, this must take place in vacuum-packed bags or in air-
permeable handle protection packages. Sometimes the meat is then 
preserved by putting the dried strips in clarified butter fat (Hartley, 
1979). In climatic zones with high relative humidity, however, it is not 
possible to dry meat in this way. Solar dryers or special drying 
chambers in which the relative humidity and temperature can be 
regulated are required (Salman, 2005). 
 Minced camel meat provides an excellent basis for various 
manufactured and cured forms of meat such as sausages and pastrima. 
Sausages can form a highly acceptable cooked camel meat and it has 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 26 
highly desirable features as a sausage component. The prepared camel 
sausage is similar in chemical composition to that of beef (Shalash, 
1979a). Advanced technology was used by Mansour and Ahmed 
(2000) to process burger and sausages from camel meat. The products 
showed similar chemical composition to beef processed products, but 
the camel products were higher in moisture (73.6%) and ash (4.13%). 
The sensory evaluation tests indicated that the camel burger gained 
higher scores in overall acceptability than the other products. The 
authors concluded that the processing of camel meat increased the 
tenderness, taste and palatability of the products.  
2.10 Meat microbiology and spoilage in tropical countries 
2.10.1 Microorganisms associated with meat 
As already noted, microorganisms can be broadly classified into 
three major groups: (i) pathogenic microorganisms: (ii) spoilage 
microorganisms: and (iii) beneficial microorganisms (Davies and 
Board, 1998).  
2.10.1.1 Pathogenic microorganisms 
These organisms cause infections or intoxications in man. The 
major groups of pathogenic microorganisms associated with meat and 
meat products in India as elsewhere are Salmonella, Staphylococcus, 
Escherischia coli, Listeria monocytogenes, Bacillus cereus, 
Clostridium botulinum. Clostridium perfringens, Yersinia Entero-
colitica, Campylobacter spp. and Aspergillus flavis (Davies and 
Board, 1998).  
2.10.1.2 Spoilage microorganisms 
There are many microorganisms that contribute to the spoilage 
of meat and meat products and the following are important in India: 
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Pseudomonas, Micrococcus, Lactic acid bacteria, Brochothrix thermo-
sphacta, Acinetobacter/Moraxella, Enterobacteriaceae, Shewanella 
putrefaciens, Aspergillus, Penicillium, Thamnidium, Rhizopus, 
Cladosporium, Sporotrichum, Debaryomyces, Candida, Torulopsis 
and Rhodotorula (Davies and Board, 1998).  
2.10.1.3 Beneficial microorganisms 
These microorganisms are mainly responsible for fermentation 
of meat and meat products such as sausages (Davies and Board, 
1998).  
2.11 Sources of microbial contamination on meat 
Muscle of healthy animals is free from microorganisms because 
of defensive mechanisms associated with: (a) skin and mucous 
membranes, hair and cilia, gastric juices, the intestines and urine: (b) 
inflammatory processes. Humeral antibodies play a part also. All these 
defence mechanisms present barriers to the entry of microorganisms 
into the muscle of live animals. Microorganisms inevitably gain 
access to the meat at slaughter, when the defences break down and 
during processing. The minimization of microbial contamination is 
essential in meat handling systems in order to retard meat spoilage as 
well as to prevent health hazards that may arise from meat 
consumption. Therefore there is a need to know how microorganisms 
enter meat and to determine the critical points of contamination. These 
points would provide basis for development of HACCP for meat 
production (Davies and Board, 1998). Sources of microbial 
contamination in fresh meat processing have been well documented 
(Grau, 1986; Newton et al., 1978; Nottingham, 1982; Narasimha Rao, 
1982; Narasimha Rao and Ramesh, 1992; Tarwate et al., 1993). Hides 
and skins, hooves, fleece and hair of live animals, gut microflora, the 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 28 
stick-knife, scald tank, equipment, instruments and tools (overhead 
rail, gambrels, stainless steel platforms, Shooks, trays, tables, knives, 
axes, sawblades), chopping blocks (wooden), floors, walls, air, water, 
cloths, hands and gumboots have been identified as sources of 
microbial contamination of carcasses and meat cuts (Davies and 
Board, 1998). 
Bacteria enter meat during the following operations: sticking, 
skinning, scalding, dehairing, evisceration, and splitting and 
quartering (Davies and Board, 1998). 
The sources of microbial contamination prior to slaughter in a 
local slaughter house, a retail shop and modern abattoir, it was found 
that knives, the floor, the butchers’ hands and water showed high 
microbial numbers (Table 2.4) (Narasimha Rao, 1982).  
2.11.1 Carcass contamination 
The external carcass surface can be contaminated during 
slaughtering process by dirt and mud on the hides of cattle as well as 
during the removal of hide, hooves and carcass washing (Marcie, 
1992). Meat that has been prepared under clean conditions with care 
being exercised to reduce the chances of bacterial contamination to the 
minimum, has a better keeping qualities than meat that has  been 
handled in an unclean manner (Brawdly et al., 1966). 
2.11.2 Sources of meat contamination 
2.11.2.1 Contamination during slaughtering 
Large numbers of microorganisms of many types are carried 
into the abattoir by animals and workers. Considerable decrease in 
subsequent bacterial contamination of the dressed carcass in warm 
climates, may be achieved through subjecting the animals to an over 
head antiseptic spray (Gracey, 1992). 
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Table: 2.4: Sources of microbial contamination (Narasimha Rao, 1982). 
Source Total count  (log cfu/cm2) 
Local saluaghter house 
(Mysore) prioer to 
slaughter (sheep) 
Knives 3.6-4.0 
Floor 3.0-4.5 
Hands 2.5-3.0 
Water (log cfu/cm) 4.0-5.0 
Loca retail shop 
Chopping knife 3.8-4.3 
Chopping block (wooden) 5.5-7.5 
Hand 2.4-3.2 
CFTRI modern abattoir 
(pror to clsuahgter) 
Knives 1.0-1.5 
Water (log cfu/cm) 1.0-2.0 
Floor 1.5-2.0 
Hands 1.0-1.5 
Cutting table 1.0-2.0 
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 Gracey (1985) reported that bacteria associated with meat 
depend on bacteriology of the soil on which the animals were kept 
prior to slaughter. 
 When it was evident that meat favours multiplication of many 
kinds of bacteria which may reach it from various sources beside the 
air (Miller, 1951). 
 Banwart (1981) reported that the gaseous atmosphere 
surrounding the food may determine the types of organisms which 
become dominant. Oxygen favours the growth of aerobes while lack 
of oxygen will allow facultative anaerobes to dominate.  
 Hussein (1987) isolated Bacillus, Staphylococcus epidermidis, 
Micococcus, Streptococcus faecalis, Lactobacillus, Escherichia coli, 
Citrobacter freundii, Proteus mourgani, Alcaligens, Aeromonas and 
Pseudomonas from fresh and refrigerated beef. 
2.11.2.2 Contamination by hides, utensils and washing water  
Animal hides, utensils and instruments used in the slaughter-
house and the water used for washing the carcass are main sources of 
meat contamination. Therefore, cleaning cattle hides by removing hair 
and extraneous matter before hide removal would result in improved 
microbiological quality of carcasses in commercial beef processing. 
Such dehairing of cattle hides is an effective intervention that reduces 
the incidence of hide contamination to carcasses with pathogens 
(Marcie, 2006). Furthermore, meat may also be contaminated by 
contact with hand, clothing, feet and skin of personnel as well as 
animal stomach and intestinal contents. Water used for washing the 
carcass and equipment can also be a source of contamination (Scott 
and Bloomfield, 1993 and Wanger, 2000). Several studies have 
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showed that most of the contaminants were originally of offal origin 
and that other microbes, originated from soil and water are involved, 
through the inevitable contact with handlers' skin. These include 
staphylococci, micrococci and pseudomonas (Nortije et al., 1990). 
Utensils used in the slaughter house for meat placement and transit 
can also be a source of contamination either through microorganisms 
initially present in the utensil or through consequent usage for 
placement of meat from different carcasses; some of which may have 
been contaminated (Jay, 2000). In addition to these factors, the 
processing facilities may also be involved in meat spoilage as in many 
incidents where spoilage with pathogenic microorganisms has been 
traced back to the processing facilities (Ray, 2004) 4.0 to 5.0 log  
cfu/cm. Chopping blocks (wooden) from the local retail shop gave the 
highest microbial numbers (5.5-7.5 log cfu/cm2). Knives, water, floor, 
butchers’ hands and cutting table in the modern abattoir showed the 
lowest microbial counts. Floor washings, which consist of carcass 
wash water, blood, hair, tissues and debris would obviously be a major 
source of microbial contamination (Narasimha Rao and Ramesh, 
1992). A detailed investigation was conducted on the environmental 
sources of microbial contamination in the buffalo slaughter line in 
Deonar abattoir, the largest municipal slaughter house in India 
(Tarwate et al., 1993). Nine different points (knife, axe, saw-blade, 
hooks, floor, wall, platform, handsaw, and water) in the buffalo 
slaughter line were analyzed for bacterial contamination (Table 2.5). 
Floors, platforms, walls, knives, axes, saw-blades, hooks and 
handsaws were identified as the critical points of microbial 
contamination. Bacteria from these sources were isolated and 
identified (Table 2.6).  
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Table 2.5:  Bacterial counts enumerated at different points in Deonar abattoir 
(Tarwate er al., 1993) 
 
Source 
Bacterial counts (log cfu/cm2) 
Tota
l 
viab
le 
Entero-
bacteriac
eae 
Faecal 
colifor
ms 
Bacill
us 
spp. 
Staphyl
o-
coccus 
spp. 
Clostridi
um spp 
Knives 3.2 5.9 5.7 5.5 4.9 2.1 
Ace 3.8 5.6 5.9 5.4 4.9 2.4 
Saw 
blade 
3.1 4.7 5.5 5.8 4.8 2.8 
Hooks 4.2 5.6 5.6 5.7 4.6 2.3 
Floor 6.7 6.9 7.3 6.9 5.9 4.1 
Wall 5.3 6.2 6.6 6.4 5.2 3.5 
Platform 5.6 6.5 6.8 6.7 5.4 3.9 
Handsw
abs 
2.9 5.4 5.5 4.6 4.2 1.3 
Water× 2.1 4.4 4.5 3.9 3.4 0.0 
× Log cfu/cm 
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Table 2.6: Genera of Bacteria Important in Foods (Ray, 2004). 
Sectiona 
(groupb) Description Family Genera 
2 G-negative, aerobic/microa erophilic, motile, belical/ vibrioid Not indicated 
Campylobacter, 
Acrobacter, 
Helicobacter, 
4 G-negative, aerobic, roda and cocci 
Pseudomonadaceae Pseudomonas, Xanthomonas, 
Acetobacteraceae Acetobacter, Gluconobacter 
Nissoriaceae Acinetobacter, Morexella 
Not indicated 
Alteronmonas, 
Flavobacterium, 
Alcaligenes, Brucella, 
Psychrobacter 
5 G-negative, facultative anaerobic, rods Enterobacteriaceae 
Citrobacter, Escherchia, 
Enterobacter, 
Edwardsiella 
Enwvinia, Hafnia , 
Klebsiella, Morganella, 
Proteus, Salmonella, 
Shigella, Serratia, 
Yersinia 
  Vibrionaceae Vibria   Aerononas 
 Plesiomonas
Rickettsiaa 
 
aceae 
Rickettsiac
eae 
Rickettsiac
eae 
Coxiella 
 
Staplylococcus 
Not indicate Streptococcus Enterococcus 
Nisseriaceae 
Lactococcus, 
Leuconostoc, 
Pediococcus, Sarcina 
13 (18) G-positive, endospor-forming rods and cocci Not indicated 
Bacillus 
Sporlactobacillus 
Clostridium 
(desutto tomaculumd) 
14 (19) G-positive, nonsporing,        rgular rods Not indicated 
Lactobacillus, 
Carnobacterium, 
Brochothrix, Listeria 
15 (20) G-positive, nonsporing Not indicated 
Corynebacterium, 
Brevibacterium, 
Propionibacterium, 
Bifidobacterium 
a Sections in Borgey's Manual of Systematic Bacteriology 
b Group 
s in Bergey's Manual of Determinative Bacteriology. Only those sections (or groups) 
containing bacteria important in food are listed in this table 
c Are included in this group and containpathogenic species that can be foodborne.  
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d Disuffotomaculum cells stainG-negative  
 
A total of 651 isolates were identified in this study. Pathogenic 
organisms (S. aureus, B. cereus, Clostridium spp., E. coli, Shigella 
spp.) as well as spoilage organisms were among the isolates (Davies 
and Board, 1998). 
2.12 The physiological attributes of Gram-negative bacteria 
associated with spoilage of meat and meat products 
2.12.1 Introduction 
The slaughtering and butchering of food animals provide 
bacteria with an opportunity to colonize meat surfaces. A wide range 
of microorganisms coming from different sources are introduced to 
surfaces which contain abundant nutrients and which have a high 
water availability. Only a few of the contaminants will be able to 
initiate growth, and only some of these will eventually spoil the meat 
by means of their biochemical attributes. Man has searched (until 
recently in an empirical manner), for ways to keep spoilage organisms 
away from meat, to reduce their growth rate, or to select those with 
low spoilage potential. Predominance of different groups of 
microorganisms on meat depends on the characteristics of the meat, 
the environment in which meat is stored as well as the processing that 
meat may undergo (Davies and Board, 1998).  
Gram-negative bacteria constitute the greatest spoilage potential 
for meat and meat products. When fresh meat is chill-stored 
aerobically, members of the genera Pseudomonas, Acinetobacter, 
Psychrobacter and Moraxella display the fastest growth rates and 
hence the greatest spoilage potential. Species of Shewanella and 
Enterobacteriaceae need conditions more favourable than those of the 
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above genera in order to develop and produce spoilage metabolites. 
Depending upon conditions, the shelf-life of fresh meat is in the range 
of days before signs of spoilage (off-odours and slime) are evident. An 
extension of shelf-life is achieved by hindering the growth of Gram-
negative organisms relative to that of Gram-positive ones (Micro-
coccaceae and lactic acid bacteria). To achieve this, environmental 
and or product conditions (atmosphere, a,, salt and nitrite 
concentrations, temperature, etc.) that favour growth of Gram-positive 
bacteria in meat are selected (Davies and Board, 1998). 
2.12.2 Gram-negative spoilage bacteria in meat and meat products 
2.12.2.1 Fresh meat 
It is generally recognized that Gram-negative, motile and non-
motile aerobic rods and coccobacilli belonging to the genera 
Pseudomonas, Moraxella, Psychrobacter (formerly Moraxella-like) 
and Acinetobacter are the major components of the spoilage flora of 
raw meat stored aerobically under refrigeration (Molin and Ternstrom, 
1982, 1986; Shaw and Latty, 1982, Prieto et al., 1992a, 1992b; 
Drosinos and Board, 1995a). Certain species of psychrotrophic 
Enterobacteriaceae commonly occur on chilled meat. These 
organisms, which are able to grow aerobically on adipose tissue and 
on muscle tissue of high pH (>6), appear to be more prevalent on pork 
and lamb (Grau, 1981; Dainty and Mackey, 1992). Their growth is 
favoured by temperatures of 24°C (Blickstad and Molin, 1983). 
Isolation of Flavobacterium, Alcaligenes, Vibrio, Aeromonas and 
Alteromonas is reported less frequently (Patterson and Gibbs, 1977; 
Nottingham, 1982; Blickstad and Molin, 1983). 
Residual glucose values in meat post-mortem can be low as a 
result of stress, starvation or fright prior to slaughter of animals. Such 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 36 
circumstances deplete the glycogen concentration in live animals. Due 
to its organoleptic characteristics, meat from stressed animals is 
referred to as DFD (dark, firm, dry) meat. As post-mortem glycolysis 
is curtailed by low substrate concentration, lactic acid is not produced 
in the normal amounts. As glucose levels are lower than normal, the 
resulting meat spoils rapidly because glucose scarcity prompts 
bacteria to the early use of amino acids. The addition of glucose to 
DFD meat does delay the onset of spoilage because bacteria can 
increase their maximum cell density without attacking amino acids 
(Lambropoulou et al., 1996). 
2.12.3 Characteristics of predominant Gram-negative bacteria 
associated with spoilage of meat and meat products 
The bacteria found may belong to a non-specific group that are 
non-pathogenic or only potentially pathogenic. The most frequently 
isolated bacteria found on meats and poultry belong to the 
Acinetohacter, Aeromonas, Campylobacter, Corynebactcrium, 
Enterococcus, Listeria, Micrococcus, Moraxella, Pseudomonas, 
Psychrobacter and Vagocctccus genera. Bacteria are present naturally 
in the intestinal flora and some, such as the non-hacmolvtic 
staphylococci, are part of the natural skin flora; their invasion of the 
blood stream is of a secondary nature occasioned by some other 
pathological condition and does not indicate that the animal was 
affected with a generalized infectious disease (Gracey, 1986). 
The bacteria of the specific group regarded as specific 
pathogens include the haemolytic streptococci, pneumococci, 
haemolytic staphylococci, Pasteurella, Salmonella, E. coli, 
Erycsipelothrix insidiosa, Listeria monocytogenes, Campylobacter 
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jejuni, Clostridium perfringens, Yersinia enterocolitica and Coryne-
bacterium pyogenes (Gracey, 1986). 
2.12.3.1 Gram-negative aerobes 
2.12.3.1.1 Campylobacter  
Two species, Campylobacter jejuni and Cam. coli, are 
foodborne pathogens. Small (0.2 x? 1 µ m) microaerophilic, helical, 
motile cells found in the intestinal tract of humans, animals, and birds. 
Mesophiles (Ray, 2004). The genus has been restructured since 1984. 
The once C. nitrofigilis and C. cryaerophila have been transferred to 
the new genus Arcobacter; the once C. cinnaedi and C. fenneliae are 
now in the genus Helicobacter; and the once Wolinella carva and W. 
recta are now C. curvus and C. rectus. The mol% G + C content of 
DNA is 30-35 (Jay et al., 2005). 
Campylobacter jejuni causes enteritis, it primarily transferred 
from feed of animal origin to humans in developed countries. 
However fecal contamination of food and water and contact with sick 
people or animals predominates in developing countries (Wanger, 
2000). The organisms are able to produce enterotoxins and cytotoxins 
(Cheesborough, 2000). Among member of the genus, Campylobacter 
jejuni and Campylobacter coli can cause enteritis as they are able to 
produce enterotoxins and cytotoxins (Cheesbrough, 2000). 
Campylobacter disorders are caused most often by Campylo-
bacter Jejuni but also Campylobacter fetus and Campylobacter coli 
are encountered in cases in cattle and poultry; these animal species are 
the main reservoirs for human infection which is acquired by ingesting 
contaminated raw food (Gracey, 1992).  
2.12.3.1.2 Pseudomonas  
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Straight or curved (0.5 x? 5 µ m); aerobes; motile rods; many 
species psychrotrophs (grow at low temperatures). Found widely in 
the environment and includes large numbers of species. Some 
important species in foods are Pseudomonas fluorescens, Pse. 
aeruginosa, and Pse. putida. Important spoilage bacteria, can 
metabolize a wide variety of carbohydrates, proteins, and lipids in 
foods (Ray, 2004). The mol% G + C content of their DNA of 58-70 
suggests that it is a heterogeneous group, and this has been verified. 
They are typical of soil and water bacteria and are widely distributed 
among foods, especially vegetables, meat, poultry, and seafood 
products. They are, by far, the most important group of bacteria that 
bring about the spoilage of refrigerated fresh foods because many 
species and strains are psychrotrophic. Some are notable by their 
production of water-soluble, blue-green pigments, whereas many 
other food spoilage types are not. Some plant associated species have 
been transferred to the genus Burkholderia, including the species that 
causes bongkrek. A new genus, Ralstonia, has been created to 
accommodate some Burkholderia and Alcaligenes species, notably R. 
solanecearum, which causes wilt of tomato (Jay et al., 2005). They 
are widely distributed in soil, fresh and sea water and decomposed 
organic matter. It grows well in protein foods with the production of 
slime, pigments and odours. Many are psychrophilic but the 
temperature range is wide, 15-40oC (Garecy, 1992).  
Pseudomonus aeruginosa is invasive and toxigenic producing 
infections in patients with impaired body defenses (Jawetz et al., 
2001). Pseudomonas aeruginosa is a Gram-negative rod, motile, 
aerobic catalase positive and oxidase positive. The bacterium is free 
living that can live in temperatures ranging from 0 to 45°C. This 
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organism is related to some infections and septicemia in debilitated 
patients and those with multiple injuries. Pulmonary infection occur in 
patients with tracheotomy and superficial infection in burned patients 
are also encountered (Omer, 1990). 
This bacterium is able to survive in the external environment. In 
a survey of meat productive chain to determine the microbial profile 
of the final products, pseudomonads had the highest incidence at both 
the abattoir and the shops levels (Nortije et al., 1990). 
  In a taxonomy of 129 psychrophilic meat spoilage bacteria, 
Scott (1939) concluded that almost all of them belonged to the genus 
Pseudomonas. Since then, many workers have demonstrated the major 
role played by the genus pseudomonas in spoilage of meat stored at 
low temperature (Brown and Weidman, 1958). The predominant 
spoilage bacteria on the surface of meat at three different temperatures 
15, 9 and 4°C belonged to the genus Pseudomonas (Gardner, 1983).   
2.12.3.1.3 Acinetobacter  
Rods (1 x? 2 µ m); occur in pairs or small chains; show twitching 
motility because of the presence of polar fimbriae; strictly aerobic and 
grow between 20 and 35°C. Found in soil, water, and sewage. 
Important species: Acinetobacter calcoaceticus (Ray, 2004). These 
Gram-negative rods show some affinity to the family Neisseriaceae, 
and some that were formerly achromobacters and moraxellae are 
placed here. Also, some former acinetobacters are now in the genus 
Psychrobacter. They differ from the latter and the moraxellae in being 
oxidase negative. They are strict aerobes that do not reduce nitrates. 
Although rod-shaped cells are formed in young cultures, old cultures 
contain many coccoid shaped cells. They are widely distributed in 
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soils and waters and may be found on many foods, especially 
refrigerated fresh products. The mol % G + C content of DNA for the 
genus is 39-47. It has been proposed, based on DNA rRNA 
hybridization data, that the genera Acinetobacter, Moraxella, and 
Psychrobacter be placed in a new family (Moracellaceae), but this 
proposal has not been approved (Jay et al., 2005). They are aerobic 
Gram-negative rods. Two species are recognized; these are 
Acinetobacter lwoffi and Acinetobactor Calcoleticus. They are 
common in meat, soil and water (Jay, 1986) and are able to oxidize 
ethanol to acetic acid (Gracey, 1992). Acinetobacter is widely 
distributed in soil and water and can occasionally be cultured from 
skin, mucous membranes and secretions (Jawetz et al., 2001).  
2.12.3.1.4 Morexella  
Very short rods, frequently approaching coccoid shape (1 x 1.5 
µ m); occur singly, in pairs, or short chains; may be capsulated; 
twitching motility may be present in some cells; optimum growth at 
30 to 35°C. Found in the mucous membrane of animals and humans. 
Important species: Morexella lacunata (Ray, 2004). These are short 
Gram-negative rods and sometimes classified as Acinetobacter, e.g. 
M. liquefaciens. They differ from the latter in being sensitive to 
penicillin and oxidase positive and having a mol % G + C content of 
DNA of 40-46. The newly erected genus Psychrobacter includes some 
which were once placed in this genus. Their metabolism is oxidative, 
and they do not form acid from glucose (Jay et al., 2005). 
Members of Haemophilus group e.g. Moraxella liquefaciens 
can be encountered in spoiled meat (Gracey, 1992).  
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2.12.3.1.5 Alteromonas  
Most currently assigned Alteromonas species are of marine 
origin and might be present in foods of marine origin. Need 100 mM 
NaCl for optimum growth (unlike Pseudomonas). Because 
Alteromonas putrefacience (species recently reclassified as 
Shewanella putrifacience) has many characters similar to those of 
Pseudomonas, it was previously designated as Pseudomonas 
putrefacience. Some strains are important in fish and meat spoilage 
and are psychrotrophs (Ray, 2004). 
2.12.3.1.6 Flavobacterium   
Rods with parallel sides (0.5 x? 3 µ m); nonmotile; colonies 
colored; some species psychrotrophs. Cause spoilage of milk, meat, 
and other protein foods. Species: Flavobacterium aquatile (Ray, 
2004). Pigmented colonies (orange and yellow) causing discoloration 
of meat and other foods such as eggs, butter and milk (Gracey, 1986). 
Some are mesotrophs, and others are psychrotrophs, where they 
participate in the spoilage of refrigerated meats and vegetables. This 
genus has undergone drastic redefinition, resulting in the creation of 
several new genera (Weeksella, Chryseobacterium, Empedobacter, 
and Bergeyella), none of which appear to be associated with foods. 
Some of the new genera contain fish pathogens and some are 
halophiles (Jay et al., 2005). They produce pigmented colonies 
causing discoloration of meat and other foods such as eggs. Some 
types are psychlorophilis (Gracey, 1992) and some are mesophilic and 
others are psychrophilic (Jay, 2000).  
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2.12.3.1.7 Alcaligenes  
Rods or coccobacilli (0.5 x 1 µ m); motile; present in water, soil, 
or fecal material; mesophiles. Cause spoilage of protein-rich foods. 
Species: Alcaligenes faecalis (Ray, 2004). An alkaline reaction is 
produced in some foods, including meat (Gracey, 1986). Although 
Gram-negative, these organisms sometimes stain Gram-positive. They 
are rods that do not, as the generic name suggests, ferment sugars but 
instead produce alkaline reactions, especially in litmus milk. 
Nonpigmented, they are widely distributed in nature in decomposing 
matter of all types. Raw milk, poultry products, and fecal matter are 
common sources. The mol % G + C content of DNA is 58-70, 
suggesting that the genus is heterogeneous (Jay et al., 2005). 
Are present in soil, water, dust and manure. An alkaline 
reaction is produced in some foods, including meat (Gracey, 1992).    
2.12.3.1.8 Brucella  
Coccobacilli (0.5 x 1.0 µ m); mostly single; nonmotile. Different 
species cause disease in animals, including cattle, pigs, and sheep. 
They are also human pathogens and have been implicated in 
foodborne brucellosis. Brucella abortus causes abortion in cows (Ray, 
2004). 
2.12.3.1.9 Psychrobacter  
The genus was created in 1986 and contains one species - 
Psychrobacter immobilis (Ray, 2004). This genus was created 
primarily to accommodate some of the nonmotile gram-negative rods 
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that were once classified in the genera Acinetobacter and Moraxella. 
They are plump Coccobacilli (1 x 1.5 µ m) that occur often in pairs, 
nonmotile, catalase and oxidase positive, and generally they do not 
ferment glucose. Can grow at 5°C or below, show optimum growth at 
20°C, and unable to grow at 35°C. Found in fish, meat, and poultry 
products (Ray, 2004; Jay et al., 2005). They hydrolyze Tween 80, and 
most are egg-yolk positive (lecithinase). They are sensitive to 
penicillin and utilize 7-aminovalerate, whereas the acinetobacters do 
not. They are distinguished from the acinetobacters by being oxidase 
positive and aminovalerate users and from nonmotile pseudomonads 
by their inability to utilize glycerol or fructose. Because they closely 
resemble the moraxellae, they have been placed in the family 
Neisseriaceae. The genus contains some of the former achromobacters 
and moraxellae, as noted. They are common on meats, poultry, and 
fish, and in waters (Jay et al., 2005). 
2.12.3.1.10 Achromobacter  
Similar in action to Pseudomonas. forms slime. 
2.12.3.2 Gram-negative Facultative anaerobes 
2.12.3.2.1 Citrobacter  
Straight rods (1 x 4 µ m); single or in pairs; usually motile; 
mesophiles. Found in the intestinal contents of humans, animals, and 
birds, and in the environment. Included in the coliform group as an 
indicator of sanitation (Ray, 2004). C.freundii is the most prevalent 
species in foods, and it and with  the other species they are not 
uncommon on vegetables and fresh meats. The mol% G + C content 
of DNA is 50-52 (Jay et al., 2005). 
2.12.3.2.2 Escherichia  
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Straight rods (1 x 4 µ m); motile or nonmotile; mesophiles. 
Found in the intestinal contents of humans, warm-blooded animals, 
and birds. Many strains nonpathogenic, but some strains are 
pathogenic to humans and animals and are involved in foodborne 
diseases. Used as an indicator of sanitation (theoretically 
nonpathogenic strains) in coliform and fecal coliform groups. 
Important species: Escherichia coli (Ray, 2004) cause spoilage of 
meat by fermentation of carbohydrates to acid and gas causing ‘oil’ 
odours. The verotoxic strain, E. coli Ol57:H7 is an important food-
poisoning bacterium (Jay et al., 2005). 
The major source of this bacterium in the environment is probably the 
faeces of infected humans, but there may also be animal reservoirs. 
Faeces and untreated water are the most likely sources for 
contamination of food (Wanger, 2000). Escherichia coli is abundant 
in the soil and intestines of man and animals. It is commonly found in 
large numbers in raw foods of animal origin and also in cooked foods 
that have been contaminated in various ways (Gracey, 1992).  
There are at least four sub groups of Escherichia coli: 
enterotoxigenic, enteroinvasive, enterohaemorrhagic and entero-
pathogenic.  Each group has its own characteristics (Wanger, 2000).  
The presence of Escherichia coli in meat is indicative of faecal 
or sewage pollution leading to spoilage of meat by fermentation of 
carbohydrates to acid and gas causing "off" odours (Gracey, 1992).  
In 1982, Escherichia coli O157.H7 had been identified as a 
dangerous pathogen to human health (Juska et al., 2000).  
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Entreohaemorrhagic Escherichia coli was isolated from six cases of 
diarrhoea associated with haemolytic uraemic syndrome on 12 and 20 
February 2006 in European Countries (Fernande, 2006).  
2.12.3.2.3 Enterobacter  
Straight rods (1 x 2 µ m); motile; mesophiles. Found in the 
intestinal contents of humans, animals, birds, and in the environment. 
Included in the coliform group as an indicator of sanitation. Important 
species: Enterobacter aerogenes (Ray, 2004). These enteric Gram-
negative bacteria are typical of other Enterobacteriaceae relative to 
growth requirements, although they are not generally adapted to the 
gastrointestinal tract. E. agglomerans has been transferred to the 
genus Pantoea (Jay et al., 2005). 
2.12.3.2.4 Edwardsiella  
Small rods (1 x 2 µ m); motile. Found in the intestines of cold-
blooded animals and in fresh water. Can be pathogenic to humans, but 
involvement in foodborne disease not recorded (Ray, 2004). 
2.12.3.2.5 Erwinia 
 Small rods (1 x 2 µ m); occur in pairs or short chains; motile; 
facultative anaerobes; optimum growth at 30°C. Many are plant 
pathogens and cause spoilage of plant products. Species: Erwinia 
amylovora. Hafnia. Small rods (1 x 2 µ m); motile; mesophiles. Found 
in intestinal contents of humans, animals, and birds, and in the 
environment. Associated with food spoilage. Species: Hafnia alvei 
(Ray, 2004). At least three species have been transferred to the genus 
Pantoea.28 The mol % G + C content of DNA is 53.6-54.1 (Jay et al., 
2005). 
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2.12.3.2.6 Klebsiella  
Medium rods (1 x 4 µ m); occur singly or in pairs; motile; 
capsulated; mesophiles. Found in the intestinal contents of humans, 
animals, and birds; soil; water; and grains. Included in the coliform 
group as an indicator of sanitation. Important species: Klebsiella 
pneumoniae (Ray, 2004). 
Klebsiella has been implicated in cases of acute gastroenteritis 
due to consumption of contaminated raw foods (Bailey, 2002). 
Klebsiella sometimes causes pneumoniae, ear sinus infections.  
Klebsiella pneumoniaee causes chest infection and occasionally 
severe bronchopneumoniae with lung abscesses (Cheesborough, 
2000). 
2.12.3.2.7 Morganella  
Small rods (0.5 x 1 µ m), motile, mesophiles. Found in the 
intestinal contents of humans and animals. Can be pathogenic but has 
not been implicated in foodborne disease. Species: Morganella 
morganii (Ray, 2004). 
2.12.3.2.8 Proteus  
Straight, small rods (0.5 x 1.5 µ m); highly motile; form swarm 
on agar media; some grow at low temperature. Occur in the intestinal 
contents of humans and animals and the environment. Many involved 
in food spoilage. Species: Proteus vulgaris (Ray, 2004). They may be 
isolated from a variety of vegetable and meat products, especially 
those that undergo spoilage at temperatures in the mesophilic range 
(Jay et al., 2005). 
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This is a Gram-negative rod, motile, catalase positive and 
oxidase negative (Barrow and Felthman, 1993).  
Proteus species are widely distributed in nature. Most strains of 
proteus produce a swarming growth on the agar media which forms a 
uniform film over the surface. Such a layer makes the isolation of 
other enteric bacteria from a mixed culture, very difficult. This 
swarming can be prevented by the addition of 8mg/ml sulfadiazine to 
the medium or by the usage of 6% agar (John et al., 1988).  
Proteus species are widely distributed; they are present in rotten 
meat, sewage, manure, faeces (man, animal), soil and vegetables. 
They are common commensals of man intestines. Proteus mirabilis is 
the most common human pathogen of all Proteus species   (Frazier 
and Westhoff. 1988). 
2.12.3.2.9 Salmonella  
Medium rods (1 x 4 µ m); usually motile; mesophiles. There are 
over 2000 serovars and all are regarded as human pathogens. Found in 
the intestinal contents of humans, animals, birds, and insects. Major 
cause of foodborne diseases. Species: Salmonella enterica ssp. Enteric 
(Ray, 2004). The mol% G + C content of DNA is 50-53 (Jay et al., 
2005). 
Salmonella are often pathogenic for humans and animals when 
acquired by oral route (Jawetz et al., 2001).  
Transmission of salmonella infection may take place from one 
animal to another when they are waiting at slaughterhouse, via faesces 
in drinking troughs (Gracey, 1992).  
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The gastrointestinal tracts of animals and man are common 
sources of salmonella. High protein foods such as meat are most 
commonly associated with Salmonella (Wanger, 2000). 
Infection in humans is caused by ingesting the organism in 
contaminated food or water or from contaminated hands 
(Cheesborough, 2000).  
Salmonella can also be found in the tissues but may not appear 
in the faeces (Bowman et al., 2007).  However, well cooked meat will 
be free from salmonella (Marcie, 1992).  
Food-borne diseases caused by non-typhoid Salmonella 
represent an important public health problem worldwide.  Nearly 1-4 
million cases of Salmonellosis in human occur each year in the United 
States (David et al., 2001).  
Salmonellae reach food in many different ways, either directly 
at slaughter from animal excreta or from human excreta transferred to 
food by hands, utensils, equipments, flies etc. (Gracey, 1992). 
Salmonellae can exist for considerable periods in faeces and on 
pastures. They can remain alive in moist earth for one year and in dry 
earth for 16 months and are not destroyed in carcasses that are  
maintained at chilling or freezing temperature or in the usual picking 
solution. They grow well on meat food at ordinary temperature 
(Gracey, 1992).  
2.12.3.2.10 Shigella 
  Medium rods; nonmotile; mesophiles. Found in the intestine of 
humans and primates. Associated with foodborne diseases. Species: 
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Shigella dysenteriae (Ray, 2004). All members of this genus are 
presumed to be human enteropathogens (Jay et al., 2005). 
Shigella dysenterie is a primary pathogen that causes classical 
bacillary dysentery. Infection with this organism can be contracted 
from food (Jay, 2000) and can lead to bacillary dysentery or 
shigellosis (Cheeseborough, 2000). 
2.12.3.2.11 Serratia  
Small rods (0.5 x 1.5 µ m); motile; colonies white, pink, or red; 
some grow at refrigerated temperature. Occur in the environment. 
Cause food spoilage. Species: Serratia liquefaciens (Ray, 2004). They 
generally produce red pigments on culture media and in certain foods, 
although nonpigmented strains are not uncommon. S. liquefaciens is 
the most prevalent of the foodborne species; it causes spoilage of 
refrigerated vegetables and meat products. The mol % G + C content 
of DNA is 53-59 (Jay et al., 2005). 
2.12.3.2.12 Yersinia 
 Small rods (0.5 x 1 µ m); motile or nonmotile; can grow at 1°C. 
Present in the intestinal contents of animals (Ray, 2004). This genus 
includes the agent of human plague, Y.pestis, and at least one species 
that causes foodborne gastroenteritis, Y. enterocolitica. The mol % G 
+ C content of DNA is 45.8-46.8. The sorbose-positive biogroup 3A 
strains have been elevated to species status as Y. mollaretti and the 
sorbose-negative strains as Y. bercovieri (Jay et al., 2005). 
Yersinia enterocolitica is commonly present in foods with 
exception of pork.  Most isolates of the genus do not cause disease. 
The Bacterium can grow at refrigeration temperatures of 4-8oC 
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(Cheesborough, 2000) and is sensitive to heat and acidity (pH 4-6) and 
is normally inactivated by environmental conditions (Wanger, 2000).  
Yersinia enterocolitica causes gastroenteritis, mainly in infants 
and young children, and occasionally causes acute mesenteric 
lymphadenitis and acute appendicitis. 
Yersinia enterocolitica is an important food-borne pathogen that 
can cause yersiniosis in human and animals. The epidemiology of 
Yersinia enterocolitica infection is complex and remains poorly 
understood. Most cases of yersiniosis occur sporadically without an 
apparent source (Maria, et al., 2006). 
Yersiniosis is usually a self – limiting enteric bacterial infection 
which can be food- borne. It is caused by Yersinia pseudotuberculosis 
and Yersinia enterocolitica (Gracey, 1992).  
2.12.3.2.13 Vibrio  
Curved rods (0.5 x 1.0 µ m); motile; mesophiles. Found in 
freshwater and marine environments. Some species need NaCl for 
growth. Several species are pathogens and have been involved in 
foodborne disease (Vibrio cholerae, Vib. parahaemolyticus, and Vib. 
vulnificus), whereas others can cause food spoilage (Vib. 
alginolyticus) (Ray, 2004). Several former species have been 
transferred to the genus Listonella. Several species cause gastro-
enteritis and other human illness. The mol% G + C content of DNA is 
38-51 (Jay et al., 2005). 
Several species of vibrio cause gastroenteritis and other human 
illnesses (Jay, 2000). Vibrio parahaemolyticus is found on sea foods, 
and requires the salt environment of sea water for growth. It is very 
sensitive to cold and heat. Proper storage of perishable sea foods 
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below 4oC can destroy this bacteria (Jawetz et al., 2001). Food 
poisoning caused by this bacterium can be due to insufficient cooking 
and/or contamination of the cooked product by raw product followed 
by improper storage temperature. It is a major problem in Japan and 
the Far East where many sea foods are consumed raw (Wanger, 2000, 
Gracey, 1992). 
Vibrio cholera, another member of the genus Vibrio produces 
an enterotoxin that causes cholera (Jawetz et al., 2001). 
Vibro vulnificus is found in the marine environment. Vibro 
vulnificus is truly an emerging pathogen (Wanger, 2000) 
2.12.3.2.14 Aeromonas  
Small rods (0.5 x 1.0 µ m); occur singly or in pairs; motile; 
psychrotrophs. Found in a water environment. Aeromonas hydrophila 
has been suspected as a potential foodborne pathogen (Ray, 2004). 
Formerly in the family Vibrionaceae but now in the family 
Aeromonadaceae. As the generic name suggests, they produce copious 
quantities of gas from those sugars fermented. They are normal 
inhabitants of the intestines of fish, and some are fish pathogens. The 
mol% G + C content of DNA is 57-65 (Jay et al., 2005). 
Most Aeromonas that contaminate meat are non pathogenic or 
of low pathogenicity (Cheesbrough, 2000). The motile Aeromonas are 
common in fresh water where they are frequently the dominant 
aerobic bacteria (Barrow and Felthman, 1993). 
2.12.3.2.15 Plesiomonas  
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Small rods (0.5 x 1.0 µ m), motile. Found in fish and aquatic 
animals. Plesiomonas shigelloides has been suspected as a potential 
foodborne pathogen (Ray, 2004). 
 
 
 
2.12.3.3 Gram-negative, endospore-forming rods 
2.12.3.3.1 Desulfotomaculum   
One species important in food is Delsufatomaculum nigrificans. 
The medium-sized cells are rod shaped, motile, thermophilic, strictly 
anaerobes, and produce H2S. Endospores are oval and resistant to heat. 
Found in soil. Cause spoilage of canned food (Ray, 2004). 
2.12.4 Origin of Gram-negative bacteria in meat and meat 
products 
The microbiology of red meat and poultry is determined by the 
conditions under which the animals are reared, slaughtered and 
processed. The most critical stages for meat contamination are the 
slaughter procedures but a considerable amount of contamination is 
also possible during subsequent operations. With cattle and sheep, the 
major source of the psychrotrophic spoilage bacteria appears to be the 
hides and fleece of animals contaminated by soil and water. 
Pseudomonas, Acinetobacter and Moraxella were the most common 
psychrotrophs found by Newton et al. (1978) on hides and fleece, as 
well as on meat. Both habitats and vegetation are important reservoirs 
of the majority of Gram-negative bacteria associated with meat 
spoilage (Table 2.7) (Davies and Board, 1998). 
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Lahellec and Colin (1979) showed that pseudomonads form a 
very small proportion of the psychrotrophs on the outside of live 
chicken and turkeys and that Acinetobacter and to a lesser extent 
Flavobacterium were dominant. Contamination with pseudomonads 
occurred during processing from water, hands and materials, and they 
became dominant among the psychrotrophic flora at the end of 
chilling (Davies and Board, 1998). 
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Table 2.7: Habitats of Gram-negative bacteria associated with meat spoilage 
Aerobic rods Habitat 
Facultatively 
anaerobic 
rods 
Habitat 
Acinetobacter Ubiquitous, soil, water and sewage, human skin Citrobacter 
Soil water and sewage 
man and animals 
Alcaligenes Ubiquitous, soil and water Enterobacer Soil, water, sewage and plants 
Alteromonas Marine environments Hafnia Soil, water and sewage mammals and birds 
Flavobacterium Widely distributed in nature, especially in water Klebsiella 
Soil, vegetation and 
water, wild and domestic 
animals, humans 
Janthino-
bacterium Soil and water Kluyvera Soil, water and sewage 
Moraxella Mucosal surfaces Preteus 
Intestine of humans and 
animals. Manure, soil 
and polluted waters 
Pseudomonas Ubiquitous freshand sea water, soil, plants, etc Providencia 
Soiled bedding (faeces 
and urine) water and 
environment 
Psychrobacter Aquatic habitats, fish and poultry Serratia 
Plantw, water and soil 
small mammals 
Shewanella Aquatic and marine habitats 
Aeromonas 
Aquatic environments, 
widely distributed in the 
environment 
Vibrio Aquatic and marine habitats 
Salinivibrio Hypersaline environments 
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 The scalding treatments applied to pigs largely destroys the 
Gram-negative organisms, but the carcasses are then recontaminated 
from the processing equipment. Gill (1986) demonstrated that 
spoilage bacteria (Pseudomonas, Acinetobacter and Moraxella) grew 
to high numbers in the accumulated detritus of the dehairing 
equipment and contaminated the circulating waters. Furthermore, they 
observed that the composition of the flora was largely unaltered after 
the singeing operations. Aeromonas spp. (Aer. hydrophila and Aer. 
caviae) also grew well in this niche, the organisms being then spread 
throughout the dressing and breaking lines where they grew further 
(Gill, 1982). This author isolated both species from most of the 
samples obtained from the equipment in pig slaughtering plants 
(Davies and Board, 1998). 
Patterson and Gibbs (1977) reported that Gram-negative 
bacteria (non Enterobacteriaceae) were widely distributed in abattoirs 
(lairage, slaughter hall, chill room and boning room), Pseudomonas 
being present at most sites. Members of the family Enterobacteriaceae 
involved in meat spoilage were isolated from all sites except carcass 
wash water and air samples in the lairages and boning room. Both 
groups of bacteria are successful colonizers of wet environments in 
the structural and work surfaces within the abattoir (Newton et al., 
1978). Nortje et al. (1990) investigated the particular contribution of 
each link in the production chain to the microbiail profile of the final 
products (carcasses and minced meat). Other Gram-negative spoilage 
bacteria     (Ps. fragi, Ps. lundensis, Acinetobacter and Psychrobacter) 
were detected on meat and/or in atmospheric and environmental 
samples. Carcass wash water is the origin of the fluorescent 
pseudomonads found on freshly dressed lamb carcasses. The 
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association of these bacteria with free water on surfaces has also been 
reported by Drosinos and Board (1995a). A wide spectrum of Gram-
negative bacteria (Pseudomonas, Acinetobacter, Serratia, Entero-
bacter, Proteus and Vibrio) were recovered by von Holy et al. (1988) 
from environmental samples in a meat processing plant which 
manufactured vacuum-packed, Vienna sausages. They concluded that 
the psychrotrophic nature and simple nutritional requirements of the 
genera enabled them to persist and/or multiply in/on water, 
condensate, soil, equipment surfaces, brine solutions and moist floors. 
Although Pseudomonas does not grow in brines, they survive in this 
environment (Gardner, 1981). The probable source of Vibrio in cured 
meats is curing brines. Gardner (1981) discussed the origins of these 
bacteria and identified the following as possible sources of 
contamination: salt used in brine manufacture, fish meals included in 
the diet of pigs and even agonal bacteraemia. 
2.13 The Gram-positive bacteria associated with meat and 
meat products 
2.13.1 Introduction 
The primary contamination of the meat surface of healthy 
animals is decisively influenced by the abattoir environment and the 
condition of the animal. Varying levels of both Gram-positive and 
Gram-negative bacteria constitute the initial microbial population. 
Adaptation and resistance to conditions on and around the meat 
surface (e.g. refrigeration, antimicrobial factors, reduction of air, and 
air flow, etc.) will determine which groups among the initial 
contaminants will eventually survive. In addition to the Gram-
negative group, ‘Achromobacter’, Pseudomonas and some Entero-
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bacteriaceae, the Gram-positive onea are initially represented by 
micrococci, followed by lactic acid bacteria and Brochothrix 
thermosphacta. Other saprophytic Gram-positive bacteria (e.g. 
Kurthia and nontoxinogenic staphylococci) may constitute minor 
groups, whilst pathogenic and toxinogenic representatives may 
originate either from the gut of slaughtered animals, from diseased 
animals, or may be due to cross contamination from workers’ hands 
and skin. Examples are Staphylococcus aureus, Listeria mono-
cytogenes, group A streptococci, several CIostridium spp. (CI. 
Perfringens A and C, C1. bifermentans, Cl. botulinum A, B, E and F, 
Cl. Novyi and CI. sordellii). The mere presence of these bacteria may 
constitute a health risk and should be taken into account in practical 
hygienic measures (Davies and Board, 1998). 
Starting from the carcass directly after slaughtering, each step in 
handling, chilling, drying, processing, packaging and storage will 
determine which of the initial contaminating groups of bacteria will 
eventually survive and dominate the microbial population. Under 
aerobic conditions and refrigeration temperatures down to 0 °C the 
psychrotrophic pseudomonads, due to their higher growth rate, may 
typically dominate the microbial population of fresh and unprocessed 
meats (Egan and Roberts, 1987). However, the relatively high 
tolerance of most meat-associated Gram-positive bacteria (exception, 
the micrococci) against limiting factors such as a reduced aw 
refrigeration temperatures and reduced pH, allows a higher survival 
rate and longer persistence as compared to most Gram-negative 
bacteria in the meat environment. Within the typically mixed 
microbial population of a meat ecosystem a number of Gram-positive 
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bacteria have a strong competitive advantage with respect to vacuum 
packaging, emulsifying and curing. The lactic acid bacteria (LAB) in 
particular often make up the typical spoilage association of such 
products. In some products (e.g. fermented sausages) their metabolic 
activities may even be desirable (Davies and Board, 1998). 
2.13.2 Characteristics of Predominant Gram-positive bacteria 
associated with spoilage of meat and meat products 
2.13.2.1 Gram-positive cocci 
2.13.2.1.1 Micrococcus  
Spherical cells (0.2 to 2 µ m); occur in pairs, tetrads, or clusters; 
aerobes; nonmotile; some species produce yellow colonies; 
mesophiles, resistant to low heat. Found in mammalian skin. Can 
cause spoilage. Species: Micrococcus luteus (Ray, 2004). Some are 
salt tolerant, some thermoduric and some psychrophilic. Cause 
spoilage of salted and chilled meats. Optimal growth temperature, 25-
30°C (Gracey, 1986). Catalase positive and some produce pink to 
orange-red to red pigments, whereas others are nonpigmented. Most 
can grow in the presence of high levels of NaCl, and most are 
mesotrophs, although psychrotrophic species/ strains are known. This 
once very large genus has been reduced by the creation of at least five 
new genera: Dermacoccus, Kocuria, Kytococcus, Nesterenkonia, and 
Stomatococcus. Micrococcus agilis has been transferred to the 
arthrobacters as Arthrobacter agilis, and some former M. roseus 
strains have been transferred to the genus Salinicoccus. The genus 
Kocuria is described above. The type species is M luteus, and the 
redefined genus has a mol% G + C content of DNA of 69-76. The 
organism once classed as M. freudendreichii is now in the genus 
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Pediococcus (Jay et al., 2005). Micrococci Gram-positive cocci, 
cluster-forming, harmless saprophytes that live in soil, water and food 
stuffs and are catalase positive (Omer, 1990).  
Most are mesophilic but some are psychrophilic (Jay, 2000). 
Some are salt tolerant, some are thermoduric and others are 
psychrophilic causing spoilage of salted and chilled meat (Gracey, 
1992).  
Micrococcus variants showed lipolytic activity in meat 
(Kenneally et al., 1998). 
2.13.2.1.2 Staphylococcus  
Spherical cells (0.5 to 1 µ m); occur singly, in pairs, or clusters; 
nonmotile; mesophiles; facultative anaerobes; grow in 10% NaCl. 
Staphylococcus aureus strains are frequently involved in foodborne 
diseases. Staph. albus is responsible for spoilage (Gracey, 1986) and  
Staph. carnosus is used for processing some fermented sausages. 
Main habitat is skin of humans, animals, and birds (Ray, 2004). Salt 
tolerant. Optimum temperature 37°C but can grow below this 
temperature (Gracey, 1986).  They are Gram-positive cocci, aerobic-
catalase positive and oxidase negative (Barrow and Felthman, 1993). 
Staphylococci can contaminate all food   products of animal origin or 
in those handled directly by humans unless heat processing steps are 
applied to affect their destruction (Jay, 2000)                                        
Man respiratory passages, skin and superficial wounds are 
common sources of Staphylococus aureus. When Staphylococcus 
aureus is allowed to grow in food it can produce a food toxin, an 
endotoxin that is produced during the bacterial growth that causes 
illness in man (Wanger, 2000; Gracey, 1992; Merchant and Packer, 
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1997). While Staphylococcus aureus is a major pathogen for human 
(Jawetz et al, 2001), many other staphylococci   can be pathogenic for 
humans. For example Staphylococcus epidermidis, a non pathogenic, 
coagulase negative, that rarely produces suppuration can cause 
cardiovascular and paediatric diseases and bacteraemia especially in 
immunocompromised persons (Cheeseborough, 2000). In addition, 
Staphylococcus saprophyticus can be responsible for some urinary 
tract infections moreover Staphylococcus albus is another species that 
is responsible for spoilage (Jawetz. et al., 2001).    
Good personal hygiene while handling food will help keeping 
Staphylococcus aureus out of food, and refrigeration of raw and 
cooked food will prevent the growth of these bacteria if any are 
present (Wanger, 2000).The name of Staphylococcus aureus refers to 
the yellow or golden colour of its colonies on sub-cultures (John et al., 
1988) . 
Man is the main reservoir for Staphylococcus aureus. The 
organism is detected in human nose, hands and skin (Smith, 1984). 
2.13.2.1.3 Streptococcus  
Spherical or ovoid (1 µm); occur in pairs or chains; nonmotile; 
facultative anaerobes; mesophiles. Streptococcus pyogenes is 
pathogenic and has been implicated in foodborne diseases; present as 
commensals in human respiratory tract. Wide temperature range for 
growth, 10-45°C (Gracey, 1986).  Str. thermophilus is used in dairy 
fermentation; can be present in raw milk; can grow at 50°C (Ray, 
2004). Some degree of salt tolerance (Gracey, 1986).   
Streptococcus faecalis, Streptococcus faecium and  Strepto-
coccus durans have a wide temperature range for growth 10-45oC 
(Gracey, 1992). Beta hemolytic streptococci can produce food 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 61 
poisoning due to the ingestion of different preformed toxins (Dolman, 
1997). Streptococcus pyogenes can be found in the upper respiratory 
tract in children (Cheesborough, 2000). 
2.13.2.1.4 Enterococcus 
 Spheroid cells (1 µ m); occur in pairs or chains; nonmotile; 
facultative anaerobes; some strains survive low heat (pasteurization); 
mesophiles. Normal habitat is the intestinal contents of humans, 
animals, and birds, and the environment can establish on equipment 
surfaces. Used as an indicator of sanitation. Important in food 
spoilage. Species: Enterococcus faecalis (Ray, 2004). This genus was 
erected to accommodate some of the Lancefield serologic group D 
cocci. It has since been expanded to more than 16 species of 
grampositive ovoid cells that occur singly, in pairs, or in short chains. 
They were once in the genus Streptococcus. Some species do not react 
with group D antisera (Jay et al., 2005). 
Enterococcus faecalis formerly classified as Streptococcus 
faecalis, is the main pathogen in the genus enterococcus causing about 
95% of enterococcal infections (Cheesborough, 2000).  
2.13.2.1.5 Lactococcus  
Ovoid elongated cells (0.5 to 1.0 µ m); occur in pairs or short 
chains; nonmotile; facultative anaerobes; mesophiles, but can grow at 
10°C; produce lactic acid. Used to produce many bioprocessed foods, 
especially fermented dairy foods. Species: Lactococcus lactis subsp. 
lactis and subsp. cremoris; present in raw milk and plants and several 
strains produce bacteriocins, some with a relatively wide host range 
against Gram-positive bacteria and have potential as food bio-
preservatives (Ray, 2004). The nonmotile Lancefield serologic group 
N cocci once classified in the genus Streptococcus have been elevated 
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to generic status. They are catalase-negative spherical or ovoid cells. 
They grow at 10°C but not at 45°C, and most strains react with group 
N antisera. L-Lactic acid is the predominant end product of 
fermentation (Jay et al., 2005). 
Lactobacillus species were isolated from meat (Barrow and 
Felthman, 1993). Lactobacilli are mainly mesophilic with some 
thermoduric and psychrophilic strains that can grow at pH less than 
4.5 (Gracey, 1992). 
2.13.2.1.6 Leuconostoc 
 Spherical or lenticular cells; occur in pairs or chains; 
nonmotile; facultative anaerobes; heterolactic fermentators; 
mesophiles, but some species and strains can grow at or below 3°C. 
Some are used in food fermentation. Psychrotrophic strains are 
associated with spoilage (gas formation) of vacuum-packaged 
refrigerated foods. Found in plants, meat, and milk. Species: 
Leuconostoc mesenteroides subsp. mesenteroides, Leu. lactis, Leu. 
carnosum. Leu. Mesenteroides subsp. dextranicum produces dextran 
while growing in sucrose. Several strains produce bacteriocins, some 
with a wide spectrum against Gram-positive bacteria, and these have 
potential as food biopreservatives (Ray, 2004). Along with the 
lactobacilli, this is another of the genera of lactic acid bacteria. They 
are catalase-negative that are heterofermentative. The genus has been 
reduced in a number of species. The former L. oenos has been 
transferred to a new genus, Oenococcus as O. oeni, and the former L. 
paramesenteroides has been transferred to the new genus Weissella. 
These catalase-negative cocci are heterofermentative and are typically 
found in association with the lactobacilli (Jay et al., 2005). Can 
produce slimes especially in high-sugar foods. Some are salt tolerant 
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and some can elaborate flavours due to diacetyl production (Gracey, 
1986).  It can produce slimes in high sugar food; some are salt tolerant 
and some can elaborate flavors due to diacetyle production (Gracy and 
Collins, 1992).  
2.13.2.1.7 Pediococcus  
Spherical cells (1 µ m); form tetrads; mostly present in pairs; 
nonmotile; facultative anaerobes; homolactic fermentators; 
mesophiles, but some can grow at 50°C; some survive pasteurization. 
Some species and strains are used in food fermentation. Some can 
cause spoilage of alcoholic beverages. Found in vegetative materials 
and in some food products. Species: Pediococcus acidilactici and Ped. 
pentosaceus. Several strains produce bacteriocins, some with a wide 
spectrum against Gram-positive bacteria, and they can be used as food 
biopreservatives (Ray, 2004). P acidilactici, a common starter species, 
caused septicemia in a 53-year-old male. Their mol % G + C content 
of DNA is 34-44. The once P halophilus is now in the genus 
Tetragenococcus as T. halophilus. It can grow in 18% NaCl (Jay       
et al., 2005).  
Pediococcus was isolated from blood and abscess in humans 
(Jawetz et al., 2001).  
2.13.2.1.8 Sarcina 
 Large, spherical cells (1 to 2 µ m); occur in packets of eight or 
more; nonmotile; produce acid and gas from carbohydrates; 
facultative anaerobes. Present in soil, plant products, and animal feces. 
Can be involved in spoilage of foods of plant origin. Species: Sarcina 
maxima (Ray, 2004). 
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2.13.2.2 Gram-positive, endospore-forming rods 
2.13.2.2.1 Bacillus  
Rod-shaped, straight cells; vary widely in size (small, medium, 
or large; 0.5-1 x 2-10 mm) and shape (thick or thin); single or in 
chains; motile or nonmotile; mesophiles or psychrotrophic; aerobes or 
facultative anaerobes; all form endospores that are spherical or oval 
and large or small (one per cell), spores are highly heat resistant (Ray, 
2004). Very active biochemically with strains that are saccharolytic 
(able to split carbohydrates), proteolytic and lipolytic. Some forms can 
cause fiat sours in canned meats. Limit of aw value for growth is 0.95 
(Gracey, 1986). Includes many species, some of which are important 
in foods, because they can cause foodborne disease (Bacillus cereus) 
and food spoilage, especially in canned products (Bac. coagulans, 
Bac. stearothermophilus). Enzymes of some species and strains are 
used in food bioprocessing (Bacillus subtilis). Present in soil, dust, 
and plant products (especially spices). Many species and strains can 
produce extracellular enzymes that hydrolyze carbohydrates, proteins, 
and lipids (Ray, 2004). The phylogenetic heterogeneity of this genus 
employing small-subunit rRNA sequence data allowed five groups to 
be formed. Group 1 includes B. cereus, B. subtilis, B. coagulans, and 
B. anthracis among others, and it seems likely that this group will be 
retained as Bacillus. The group 3 cluster has been given the generic 
name Paenibacillus; and B. stearothermophilus clustered with group 
5. The thermoacidophilic Bacillus species, B. acidocaldarius, B. 
acidoterrestris, and B. cycloheptanicus, have been reclassified in the 
new genus Alicyclobacillus. The latter have mol % G + C of 51.6- 
60.3, grow as low as about 35 to 70°C, and over the pH range 2 to 6. 
The B. brevis cluster of 10 species has been reclassified into a new 
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genus, Brevibacillus based on 16S RNA gene sequences (Jay et al., 
2005).  Members of thegenus are Gram-positive rods, aerobic, spore 
bearing, motile, catalase positive and oxidase positive. They can 
withstand high temperatures (Omer, 1990). The genus contains the 
food poisoning species Bacillus cereus.  
2.13.2.2.2 Sporolactobacillus  
Slender, medium-sized rods (1 x 4 mm); motile; micro-
aerophilic; homolactic fermentors; form endospores (spore formation 
is rare in most media), but the spores are less heat resistant than 
Bacillus spores. Found in chicken feed and soil. Importance in food is 
not clearly known. Species: Sporolactobacillus inulinus (Ray, 2004). 
2.13.2.2.3 Clostridium 
 Rod-shaped cells that vary widely in size and shape; motile or 
nonmotile; anaerobes (some species extremely sensitive to oxygen); 
mesophiles or psychrotrophic; form endospores (oval or spherical) 
usually at one end of the cell, some species sporulate poorly, spores 
are heat resistant. Found in soil, marine sediments, sewage, decaying 
vegetation, and animal and plant products. Some are pathogens and 
important in food (Clostridium botulinum, Cl. perfringens) and others 
are important in food spoilage (Cl. tyrobutyricum, Cl. 
saccharolyticum, Cl. laramie). Some species are used as sources of 
enzymes to hydrolyze carbohydrates and proteins in food processing 
(Ray, 2004). The genus contains many species, some of which cause 
disease in humans. Mesotrophic, psychrotrophic, and thermophilic 
species/strains exist. A reorganization of the genus involves the 
creation of the following five new genera: Caloramater, Filifactor, 
Moorella, Oxobacter, and Oxalophagus. The clostridial species of 
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known importance in foods remain in the genus at this time. The five 
new genera appear to be unimportant in foods (Jay et al., 2005). 
2.13.2.3 Gram-positive, nonsporulating regular rods 
2.13.2.3.1 Lactobacillus  
Rod-shaped cells that vary widely in shape and size, some are 
very long whereas others are coccobacilli, appear in single or in small 
and large chains; facultative anaerobes; most species are nonmotile; 
mesophiles (but some are psychrotrophs); can be homo- or 
heterolactic fermentors (Ray, 2004).  A limit (water activity) value for 
growth - 0.91. Can grow at pH of less than 4.5 (Gracey, 1986). Found 
in plant sources, milk, meat, and feces. Many are used in food 
bioprocessing (Lactobacillus delbrueckii subsp. bulgaricus, Lab. 
helveticus, Lab. plantarum) and some are used as probiotics (Lab. 
acidophilus, Lab. reuteri, Lab. casei subsp. casei). Some species can 
grow at low temperatures in products stored at refrigerated 
temperature (Lab. sake, Lab. curvatus). Several strains produce 
bacteriocins, of which some having a wide spectrum can be used as 
food biopreservatives (Ray, 2004). Taxonomic techniques that came 
into wide use during the 1980s have been applied to this genus, 
resulting in some of those in the ninth edition of Bergey's Manual 
being transferred to other genera. Based on 16S rRNA sequence data, 
three phylogenetically distinct clusters are revealed, with one cluster 
encompassing Weissella. In all probability, this genus will undergo 
further reclassification. They typically occur on most, if not all, 
vegetables, along with some of the other lactic acid bacteria. Their 
occurrence in dairy products is common. A recently described species, 
L. suebicus, was recovered from apple and pear mashes; it grows at 
pH 2.8 in 12-16% ethanol (Jay et al., 2005). 
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2.13.2.3.2 Carnobacterium 
 Similar in many characteristics to lactobacilli cells; found in 
meat and fish; facultative anaerobes; heterofermentative; nonmotile; 
can grow in foods, especially in meat products; stored at refrigerated 
temperature. Some strains produce bacteriocins. Species: Carno-
bacterium piscicola (Ray, 2004). This genus of Gram-positive, 
catalase-negative rods was formed to accommodate some organisms 
previously classified as lactobacilli. They are phylogenetically closer 
to the enterococci and vagococci than the lactobacilli. They are 
heterofermentative, and most grow at 0ºC and none at 45ºC. Gas is 
produced from glucose by some species, and the mol% G + C for the 
genus is 33.0-37.2. They differ from the lactobacilli in being unable to 
grow on acetate medium and in their synthesis of oleic acid. They are 
found on vacuum-packaged meats and related products, as well as on 
fish and poultry meats (Jay et al., 2005). 
2.13.2.3.3 Brochothrix 
 Similar in many characteristics to lactobacilli; facultative 
anaerobes; homofermentative; nonmotile; found in meat. Can grow in 
refrigerated vacuum packaged meat and meat products. Species: 
Brochothrix thermosphacta (Ray, 2004). These Gram-positive non-
sporeforming rods are closely related to the genera Lactobacillus and 
Listeria. Although they are not true coryneforms, they bear 
resemblance to this group. Typically, exponential-phase cells are rods, 
and older cells are coccoids, a feature typical of coryneforms. Their 
separate taxonomic status has been reaffirmed by rRNA data, although 
only two species are recognized: B. thermosphacta and B. campestris. 
They share some features with the genus Microbacterium. They are 
common on processed meats and on fresh and processed meats that 
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are stored in gas-impermeable packages at refrigerator temperatures. 
In contrast to B. thermosphacta, B. campestris is rhamnose and 
hippurate positive. The mol% G + C content of DNA is 36. They do 
not grow at 37°C (Jay et al., 2005). 
2.13.2.3.4 Listeria 
 Short rods (0.5 x 1 mm); occur singly or in short chains; 
motile; facultative anaerobes; can grow at 1°C; cells killed by 
pasteurization. The species are widely distributed in the environment 
and have been isolated from different types of foods. Some Listeria 
monocytogenes strains are important foodborne pathogens (Ray, 
2004). This genus of six species of Gram-positive, nonsporing rods is 
closely related to Brochothrix. The seven species show 80% similarity 
by numerical taxonomic studies; they have identical cell walls, fatty 
acid, and cytochrome composition (Jay et al., 2005). 
2.13.2.3.5 Microbacterium 
Limit of aw value for growth, 0.98 - O.95. No growth below pH 
4.5. Psychrotrophic, insensitive to reduced aw and able to spoil meat 
stored at chilling temperature with reduced relative humidity. Many of 
the organisms tested above are able to grow under reduced and 
elevated pO3 (partial pressure of oxygen). The former situation is 
made use of in vacuum packaging; the latter along with a reduced 
initial load of spoiling organisms, lowered temperature and a, and 
increased pCO2, has enabled chilled meat to achieve a shelf-life of 
over 6 months within modified-atmosphere packaging (Gracey, 1986).  
The association of the genus Microbacterium with the meat 
environment has not been confirmed even though it has been isolated 
from poultry giblets and fresh beef (Davies and Board, 1998). 
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2.13.2.4 Gram-positive, nonsporeforming irregular rods 
2.13.2.4.1 Corynebacterium  
Slightly curved rods; some cells stain unevenly; facultative 
anaerobes; nonmotile; mesophiles; found in the environment, plants, 
and animals (Ray, 2004). sometimes involved in the spoilage of 
vegetable and meat products (Gracey, 1986). Some species cause food 
spoilage. Corynebacterium glutamicum is used to produce glutamic 
acid (Ray, 2004). Limit of aw value for growth. 0.914 - 0.95. No 
growth below pH of 4.5. Some strains sensitive to reduced pCO2 
(Gracey, 1986). This is one of the true coryneform genera of gram-
positive, rod-shaped bacteria that are sometimes involved in the 
spoilage of vegetable and meat products. Most are mesotrophs, 
although psychrotrophs are known, and one, C. diphtheriae, causes 
diphtheria in humans. The genus has been reduced in species with the 
transfer of some of the plant pathogens to the genus Clavibacter and 
others to the genus Curtobacterium. The mol % G + C content of 
DNA is 51- 63 (Jay et al., 2005). 
2.13.2.4.2 Brevibacterium  
Cells can change from rod to coccoid shape; aerobes; 
nonmotile; mesophiles. Two species, Brevibacterium linens and Bre. 
casei, have been implicated in the development of the aroma in 
several cheese varieties (surface ripened), because of the production of 
sulfur compounds (such as methanethiol). In other protein-rich 
products, they can cause spoilage (in fish). They are found in different 
cheeses and raw milk (Ray, 2004). 
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2.13.2.4.3 Propionibacterium  
Pleomorphic rods (0.5 x 2 mm); can be coccoid, bifid, or 
branched; present singly or in short chains; V and Y configuration and 
in clumps with Chinesecharacter- like arrangement; nonmotile; 
anaerobes; mesophiles. Dairy propionibacteria are used in food 
fermentation (Propionibacterium freudenreichii in Swiss cheese). 
Produce proline and propionic acid. Found in raw milk, Swiss cheese, 
and silage (Ray, 2004). Rarely associated with meat (Davies and 
Board, 1998). 
2.13.2.4.4 Bifidobacterium  
Rods of various shapes; present singly or in chains; arranged in 
V or star-like shape; nonmotile; mesophiles; anaerobes. Metabolize 
carbohydrates to lactate and acetate. Found in colons of humans, 
animals, and birds. Some species are used in probiotics 
(Bifidobacterium bifidum, Bif. infantis, Bif. adolescentis) (Ray, 2004). 
Rarely associated with meat. The inclusion of Bifidobacterium spp. in 
meat starter cultures has been suggested recently (Davies and Board, 
1998). 
2.14 Surface contamination of camel carcasses 
 A high standard of hygiene and adequate control measures are 
particularly important in abattoirs. It has been found that outbreaks of 
foodborne diseases can be prevented by constant supervision of these 
establishment and by checking the sanitary condition, of the surface 
and equipment in constant contact with meat (Yassien, 1992). 
 The external contamination of meat constitutes a constant 
problem in most developing countries in the abattoir itself where there 
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are many potential sources of infection by microorganisms (Lawrie, 
1979).  
 The microbial surface contamination of carcasses has been 
repeatedly reported to have a significant effect on the meat shelf life. 
Moreover, contaminants may also include pathogens which can 
penetrate into the meat (Elmossalami and Wassef, 1971). 
 It was established that the hide of the animal and water used to 
wash the carcasses were main sources of both mesophilic and 
psychrotrophic microorganisms on carcasses (Nottingham et al., 1974 
and Samaha and Draz, 1993). 
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CHAPTER THREE 
MATERIAL AND METHODS 
 
3.1 Collection of samples 
3.1.1 Source, site and type of sample 
Camel meat was collected from four abattoirs located at 
different geographical locations, where camels are slaughtered.; these 
are at El Obeyed on North Kordofan State, Tamboul in Butana of the 
Gezira State, Abu Deleig and Wed Hassuna in East of the Nile and Al 
Salam Abattoir of Khartoum State. In this study, the samples were 
collected at different seasons that included, autumn, summer and 
winter. 
In total, 60 carcasses, 15 from each abattoir were included in 
the study. From each carcass, 20 samples were collected; each of 
which from carcasses that had received the following mentioned 
treatments. In total, 300 samples were collected from each abattoir at 
the specific geographical location, making the grand total of the 
samples 1,200 (4 abattoirs X 15 carcasses X 20 samples). 
Four hundreds and eighty (480) swabs were collected from 
camel carcasses. The site of sample collection were necks, briskets, 
humps, flanks, intestines. The samples were collected after skinning 
and evisceration. Sample were also collected from hands of workers 
and their knives before starting the work. 
Sixty samples of camel humps fats were obtained from camel 
carcasses from different abattoirs. Samples were collected for each of 
the above objective following specific methods that satisfy the 
purpose. 
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 Four areas of the carcasses were selected as the most vulnerable 
to contamination along the slaughter line. These were the humps, the 
necks, the briskets and the flanks; the most marketable for human 
consumption. Sterile forceps and scissors were used for collecting 
surface meat samples within an area of approximately 5 cm long , 4 
cm wide and 1 cm deep. The samples were placed immediately in 
sterile McCartney's bottles containing 15 ml normal saline.  
 The samples were collected at five stages: first, after skinning 
and viscera removal, then after washing the carcass with the main tap 
water available in the abattoir, mostly deep well water that had not 
been treated or sterilized and was kept by the butchers in plastic 
containers or cement tanks. The third stage was after washing with 
water treated with chlorine of different concentrations (80, 100 and 
110 ppm). The samples were collected individually after being washed 
with the respective concentration of chlorine.  
3.1.2 Sample preservation and submission 
The collected samples were transferred to the laboratory in an 
ice container with sufficient speed to avoid unnecessary delay and     
to avoid contamination prior to microbiological examination. No 
preservatives were used in the transit. 
3.1.3. Aerobic viable count at 37oC  
To determine viable count of bacteria in fresh beef, Miles and 
Misra (1938) method was used by using normal saline as diluent to 
make ten fold dilutions from each sample.  Each drop, 0.02ml in 
volume, was allowed to fall from a height of 2.5 cm into the standard 
plate count agar for aerobic bacterial count and MacConkeys agar for 
coliform bacteria, where it was spread over plate. Each dilution was 
cultured in duplicates. The plates were allowed to dry before 
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incubation at 37°C for 24-48hrs. Plates with 20-300 colonies were 
counted, then the average number of colonies was multiplied by 
dilution factor to give the number of colonies forming unit per ml and 
then divided by ten to give the number of colonies forming unit per 
cm.  
3.1.4. Bacterial isolation and identification 
 Samples were collected for bacterial isolation and identification 
following standardized procedures (Appendix 1).  
3.1.5 The effect of camel humps fats on bacterial growth  
 Pieces of approximately 5 cm3 were cut from the humps and 
were placed individually in sterile glass beakers or flasks. The lipids 
were extracted by heating with a Bunsen burner, aspirated into 
individual McCartney bottles and sterilized by autoclaving.  Fats from 
sheep, goat and cattle were included in the experiment and were 
treated as above. Wells 4 mm in diameter were punched, using a gel 
cutter, in McConkey agar, blood agar, Baird-Parker and chromogenic 
media. Because this media detect the colour of the colonies growth or 
inhibition zone will observed clearly. The bottom of the well was 
sealed using the same medium after the wells were cut. Cultures of 
Escherichia coli to represent Gram negative bacteria Staphylococcus 
aureus, to represent Gram positive bacteria, in nutrient broth were 
adopted in the experiment. For every fat sample, each of the two 
bacterial cultures was carefully streaked over plate, using heat-bent 
sterile Pasteur pipettes. A drop of the fat sample was placed in each 
well. The cultures, in Petri dishes, were than placed in the incubator in 
an upward position to avoid fat spills over the agar surface. The 
incubation was carried out at 37oC for 24 hours and the observation 
was recorded.  
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3.1.6 Preparation of anti-camel meat hyperimmune serum: 
3.1.6.1. Rabbit inoculation 
 Twenty five grams of camel meat were minced in 400 ml of 
normal saline. The resultant suspension was centrifuged at 5.000 rpm 
for 5 minutes and the supernatant was aspirated using a sterile Pasteur 
pipette, and poured into a McCartney's bottle. Before inoculation, the 
suspension was filtered using a hot-air oven-sterilized filter paper. 
Initial injection of 1 ml of the sterile suspension, followed by 5 daily 
injection of 0.5 ml each were made in the ear vein of  two local breed 
of rabbits. The serum was separated from blood collected from the 
rabbit 1 month after the last injection, heat-inactivated to 56oC for 30 
minutes and was tested against meat suspension of camel, sheep, 
goats, cattle using agar gel diffusion testy by precipitation test.  
3.1.6.2 Agar gel diffusion test 
 Noble agar (0.8% in normal saline+1.0% sodium azide) was 
prepared. Three ml of the agar at 50oC was slowly poured onto a 
levelled glass slide and left to solidify at room temperature. Using a 
gel punch, a well of 4 mm diam was cut surrounded by 6 similar wells 
4 mm apart and of 4 mm distance from the central well. The 
hyperimmune serum was dropped, using a sterile Pasteur pipette in the 
central just up to the border of the well and the test meat suspensions 
were dropped in the peripheral wells. The slides were left overnight in 
humid chamber after which the presence of any precipitation bands 
was checked for. 
3.1.6.3. Precipitation test 
 One ml of the test meat suspension in a test tube was overlaid 
with 0.1 ml of the hyper-immune serum and the precipitation ring was 
checked for at the point where the two solutions met.   
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3.2 Methods of sterilizations 
3.2.1 Dry Heat  
3.2.1.1 Hot air oven 
 Hot air oven was used for sterilization of clean glassware such 
as Petri dishes, pipettes, tubes, flasks, bottles, mortars and pestles. The 
holding temperature was 160ºC for one hour as described by Barrow 
and Felthman et al. (1993). 
3.2.1.2 Red hot heat  
This was used for sterilization of wire loops, straight wires and 
points of tissue forceps. It was done by holding the object in the flame 
until it becomes red hot (Barrow and Felthman, 1993 ). 
3.2.1.3 Flaming 
This was used to sterilize the plugged tubes and for glass slides, 
it was done by passing the object over the direct flame several times. 
3.2.2 Moist heat 
3.2.2.1 Autoclaving 
This technique was used for sterilization of media, solutions, 
plastic wares, such as rubber stoppers, which could not withstand the 
dry heat. The holding temperature was 121ºC for 15 minutes (Barrow 
and Feltham, 1993). 
3.2.2.2 Momentary autoclaving 
This technique was used for sterilization of sugar solutions, the 
heater was turned off as soon as the temperature reached 121ºC. The 
valve of the autoclave was opened when the temperature reached 
100ºC and the autoclave unloaded when the temperature is well below 
80ºC (Barrow and Felthman, 1993). 
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3.2.2.3 Disinfection of media preparation room  
This room is used for aseptic preparation of media and pouring 
them onto plates. Phenol and absolute alcohol were used for 
disinfecting floor and benches followed by irradiation with ultra violet 
light for at least 30 minutes to ensure complete sterilization. 
3.3 Diluents  
3.3.1 Normal saline 
An amount of 8.5 grams of sodium chloride was added to 1 litre 
of distilled water, mixed to dissolve and sterilized by autoclaving at 
121ºC for 15 min. (Barrow and Felthman, 1993). 
3.4 Cultural media 
3.4.1 Solid media 
3.4.1.1 Blood agar 
The blood agar medium (Oxoid) was prepared as described by 
the manufacture.  Forty grams of blood agar base were suspended in 1 
litre of distilled water, boiled to dissolve, mixed and sterilized by 
autoclaving at 121ºC for 15 minutes. After cooling to 45-50ºC 
defibrinated sheep blood was aseptically added at 7% concentration. 
The medium was poured into Petri dishes in 15 ml volumes after 
mixing and left to solidify. Blood for enriched media was collected in 
a sterile vaccutainers containing an anticoagulant (EDTA) from the 
jugular vein of a healthy donor sheep. Blood had also been taken by 
puncture of the jugular vein of healthy donor sheep into sterile flasks 
containing glass beads. Defibrination was done by gently shaking the 
flask. 
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3.4.1.2 MacConkey's agar 
The MacConkey,s agar medium was prepared as described by 
the manufacturer. Fifty two grams of the dehydrated medium (Oxoid) 
were suspended in one liter of distilled water, boiled to dissolve the 
ingredients and the pH was adjusted to 7.4. The medium was then 
sterilized by autoclaving at 121ºC (15 1b/inch²) for 15 minutes, then 
poured into sterile Petri-dishes. 
3.4.1.3 Nutrient agar  
Twenty eight grams of the dehydrated nutrient agar (Oxoid) 
were suspended in one liter of distilled water, boiled to dissolve 
completely and sterilized by autoclaving at 121ºC for 15 min. After 
adjusting the pH to 7.4. The medium was poured into sterile Petri 
dishes.  
3.4.1.4 Plate count agar  
The medium was prepared according to the producer (Oxoid) 
by dissolving 23.5g in a litre of distilled water sterilized by 
autoclaving for 15 minutes at 121ºC (pH 7.4), then dispensed in 15 ml 
volumes into Petri dishes. 
3.4.1.5 Baird-parker medium (Oxoid)  
Sixty three grams of dehydrated Baird-parker medium were 
suspended in one liter of distilled water, boiled to dissolve completely 
and sterilized by autoclaving at 121ºC for 15 min. after adjusting the 
pH to 6.8. 
The medium was cooled to 50ºC before adding 50ml of sterile 
egg yolk-emulsion and mixed well before pouring onto Petri dishes. 
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3.4.1.6 Simmon's citrate agar  
Twenty three grams of dehydrated medium (Oxoid) were 
dissolved by boiling in 1000 ml distilled water. This medium was 
either dispensed in sterile Mc-Cartney's bottles in 10 ml volumes or in 
3ml volumes into bijou bottles and sterilized by autoclaving at 121oC 
for 15 minutes.  After removal from the autoclave, the bottles were 
allowed to set in the slope position until cooling. 
3.4.1.7 Mannitol salt agar  
One hundred and eleven grams of Mannitol salt agar powder 
(Oxoid) were suspended in one litre of distilled water, dissolved by 
boiling sterilized by autoclaving at 121ºC (15  lb /inch²) for 15 min 
and then poured into sterile Petri dishes in 15 ml amounts. 
3.4.1.8 Hugh Leif sons-semi solid medium (O/F) medium 
 This medium was prepared as described by Barrow and 
Felthman (1993). Two grams of peptone water, 5grams of sodium 
chloride, 0.3g of potassium hydro-hypo phosphate and three grams of 
agar were added to one litre of distilled water. The suspension is then 
heated in a water bath at 55 ºC to dissolve the solids .The pH was then 
adjusted to 7.1 and filtered, then the indicator Promo-Thymol Blue 
(0.2% aqueous solution) was added and the mixture was sterilized at 
115ºC for 20min. Filtered sterile glucose solution was added 
aseptically to give final concentration of 1%. Then the medium was 
mixed and distributed aseptically in 10ml sterile test tubes of not more 
than 16mm diameter. 
3.4.1.9 Urea agar medium  
An amount of 2.4 gram of urea agar base powder (oxoid) were 
suspended in 95ml of distilled water dissolved by boiling, sterilized by 
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autoclaving at 115ºC for 20min. and cooled to 50ºC. Then 5ml of 
sterile urea solution were aseptically added and mixed well, poured in 
10ml amount into sterile Mc-Cartney bottles and allowed to set in 
slope position. 
3.4.1.10 Cystine lactose electrolyte deficient (C.L.E.D) 
 The medium was prepared by suspended 36.2g in litre of 
distilled water bringed to dissolved completely. Sterilized by 
autoclaving at 121oC for 15 minute mixed well before pouring in Petri 
dishes.  
3.4.1.11 Eosin methylene blue agar (E.M.B.A.) 
 The medium were prepared by suspending 36 g in litre of 
distilled water and heated to boiling to dissolve completely, sterilized 
in autoclave at 15 pounds pressure 121oC. 
3.4.1.12 Chromogenic medium for E. coli culture 
 The medium was prepared by suspended 45 g of powder in 
1000 ml sterile distilled water. Heated until completely dissolved, 
sterilized in autoclave at 15 pounds pressure 121oC, dispended in Petri 
dishes.    
3.4.2 Semi solid media  
3.4.2.1 Motility medium  
Eighty grams of gelatin soaked in water for 30min was added to 
a mixture of 10grams peptone, 5grams beef extract, 5grams NaCl, and  
4 grams agar, heated to dissolve and sterilized at 115 º C  for 20min. 
(Barrow and Felthman, 1993).  
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3.4.3 Liquid media  
3.4.3.1 Nutrient broth  
Thirteen grams of Nutrient broth (Oxoid 129), were added to 1 
litre of distilled water, mixed well, distributed to final containers and 
sterilized by autoclaving at 121C˸ for 15 minutes and dispensed into 
sterile glass test tubes. 
3.4.3.2 Peptone water (oxoid) 
 Fifteen grams of peptone water were added to 1 litre of distilled 
water, mixed well distributed into  tubes after adjusting the pH to 7.4 
and sterilized by autoclaving at 121ºC for 15 min. 
3.4.3.3 Peptone water sugar 
Peptone water sugar was prepared according to Barrow and 
Felthman (1993). Nine hundred ml of peptone water were used in 
preparation of this medium. The pH was adjusted to 7.1-7.3, then 
10ml of Andrade’s indicator was added. The solution of the sugar 
used for a test was prepared by dissolving 10grams of the sugar in 
90ml distilled water.  
The specific sugar was added to the mixture of peptone water 
and, indicator mixed thoroughly, distributed into sterile test tubes 
containing Durham’s tubes then sterilized by autoclaving at 115ºC 
(10lb /inch²) for 10minutes. 
3.4.3.4 Methyl red and Voges Proskauer media  
The ingredients of this medium were 5 grams peptone, 5 grams 
dipotassium hydrogen phosphate, 1000ml distilled water and 59gram 
of the glucose. Peptone and the phosphate were added to distilled  
water and steamed to dissolve, then filtered and  the pH was adjusted 
to 7.5 and sterilized by autoclaving at 115ºC (10lb/inch²). Sterile  
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glucose was mixed and dispensed in 10ml volumes into sterile glass 
test tubes. 
3.5 Reagents  
3.5.1 Hydrogen peroxide  
Hydrogen Peroxide as 3% solution (v/v) in distilled water was 
used for catalase test. 
3.5.2 Oxidase test reagent  
This reagent is manufactured by the British Drug House – 
London.  Fresh solution of the reagents are prepared each time by 
dissolving 0.1gm of Tetramethyl-p-Phenylenediamine dihydrochloride 
and 0.01gm ascorbic acid in 10 ml distilled water.  
3.5.3 Methyl red solution 
Methyl red solution was prepared by dissolving 0.04 gm methyl 
red in 100ml of distilled water for the use in methyl red test. 
3.5.4 Kovac’s reagent  
Kovac’s reagent was prepared by dissolving 5 grams P-
dimethylamino-benzaldehyde in 75ml amyl alcohol by gentle 
warming in a water bath (50-55ºC). The solution was then cooled and 
25 ml of concentrated HCl was added with care. The reagent was 
protected from light and stored at 4ºC for indole test. 
3.5.5 Ehrlich’s reagent  
This reagent was prepared according to Barrow and Felthman 
(1993) .One gram of P-dimethylamino–benzaldehyde was dissolved in 
95 ml of absolute ethanol and then 20ml of concentrated hydrochloric 
acid were added. 
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3.5.6 Andrades indicator  
 It was composed of 0.5 gram acid Fuchsin dissolved in 500 ml 
distilled water. Then 17 ml of the alkaline solution of 1N sodium 
hydroxide (NaOH) was added, mixed and allowed to stand at room 
temperature for 24 hours. The Solution was frequently shaken until 
the color changes from red to brown. 
3.5.7 Bromothymol blue 
The solution was prepared by dissolving 0.29 gram of the 
powder into 100ml of distilled water. 
3.6 Cultural methods  
3.6.1 Methods for bacterial isolation and identification  
For isolation of aerobic bacteria, the samples were inoculated 
on blood agar plates and incubated at 37oC for 24 hours. Well isolated 
individual colonies of different types were sub-cultured on fresh blood 
agar for purification. Then the culture was transmitted in other 
specific media as cystine lactose electrolyte deficient (C.L.E.D) 
medium or eosine methylene blue agar (E.M.B.A.) medium.  
For isolation of Coliform bacteria the samples were inoculated 
on MacConkey's agar and incubated at 37ºC for 24 hours and colonies 
of different morphology were sub-cultured and purified. 
3.6.1.1 Cultural characteristics 
Morphological aspects such as the colonies color, size and 
shape were examined with the naked eye.  Haemolysis on blood agar 
and lactose fermentation on MacConkey's agar were observed and 
recorded. 
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3.6.1.2 Primary tests 
3.6.1.2.1 Gram staining and microscopy 
Gram stain was used to study shape and gram staining reaction 
of each isolate. A sterile loop was used to prepare suspension from 
single colony in normal saline on a clean slide. A thin smear was 
made and allowed to dry in air, fixing by flame and placed on rack. 
The slide was flooded with crestal violet stain for three seconds and 
washed with water. The slide was covered with lugol,s iodine for 3 
seconds, rinsed with water, decolorized by acetone or 70% alcohol 
and counter stained with dilute carbol fouchsin for 30 seconds and 
rinsed with water. The slide was dried by blotting with filter paper and 
examined by bright field microscope under (1000x). Magnification 
using oil immersion lens, Gram- positive bacteria were blue or purple, 
gram negative bacteria were red. 
3.6.1.2.2 Biochemical test 
3.6.1.2.2.1 Catalase test  
The test was carried out as described by Barrow and felthman 
(1993) a drop of 3% aqueous solution of hydrogen peroxide was 
placed on a clean slide. A colony under test on nutrient agar was 
picked up and mixed, using the wireloop with the drop of hydrogen 
peroxide. The test is considered positive if gaseous bubbles are 
observed. 
3.6.1.2.2.2 Oxidase test  
Following the method of Barrow and Feltham (1993), a filter 
paper strip was soaked in the oxidase test reagent. A small amount of 
fresh test culture or a colony was smeared on the strip.  A positive 
reaction gave deep purple color within seconds. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 85 
3.6.1.2.2.3 Motility test 
 The tube of motility medium was stabbed by the inoculum 
using a straight wire loop, to a depth of about 15mm. The culture was 
then incubated at 37oC for 24 hours. Motility of the bacterium is 
indicated by the migration of the organism through the medium, 
which became turbid. No such growth migration could be seen in non-
motile bacteria as growth was restricted to the path of the inoculum. 
3.6.1.2.2.4 The oxidation – fermentation (O/F) test 
      The test was carried out as described by Barrow and Felthman 
(1993). Duplicate test tubes of Hugh and Leifeson’s medium were 
inoculated by the bacterium under test using straight wire loop. To one 
of the test tube a layer of sterile melted paraffin oil was added to the a 
depth of 3cm above the medium to seal it from air. 
The inoculated tubes were incubated at 37 ºC and examined 
daily for two weeks. Yellow color in both tubes showed fermentation 
reaction and green color in the open tube and green or blue color in 
the sealed tube indicated production of alkali; the oxidative bacteria 
gave acid production in the open tube only while The fermentative 
bacteria gave acid production in both tubes. 
3.6.1.2.2.5 Sugars fermentation tests  
     The peptone water sugar was inoculated with the test culture. The 
inoculated culture, in test tube, was incubated and examined daily.  
Reddish color indicated acid production and gas production was 
indicated by the development of an empty space in the Durham’s tube. 
3.6.1.3 Secondary tests  
All the following tests were performed according to Barrow and 
Felthman (1993). 
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3.6.2.3.1 Indole test 
Peptone water medium was inoculated with test culture and 
incubated at 37ºC for 48 hours .One ml of Kovac's reagent was run 
down the side of the tube where a pink ring appeared on the reagent 
layer within a minute in positive samples. 
3.6.1.3.2 Methyl red test  
Ten ml of glucose phosphate broth was inoculated with a pure 
culture of the test organism. The inoculated broth was incubated at 
37oC for 48 hours.  Two drops of methyl red reagent were added, 
shaken well and examined. Appearance of red color indicated a 
positive reaction whereas yellow color indicated a negative reaction. 
3.6.1.3.3 Hydrogen sulphide production  
A lead Acetate paper was placed into the tube hanging over the 
peptone water which was inoculated with the test organism and 
incubated at 37oC. The tube was examined daily for 7 days.  
Blackening of the paper indicated  a positive reaction. 
The test culture was inoculated as a single streak over the 
surface of the slope of Simmons citrate agar and examined daily for 7 
days. Positive growth produced an alkaline reaction and changed the 
color of the medium from green to bright blue which indicated citrate 
utilization while in the negative test, the color of the medium 
remained unchanged which indicated that the citrate was not utilized. 
3.6.1.3.4 Urease activity  
     The test organism was streaked onto the slope of the urea agar 
medium and then incubated at 37oC for 2 days.  Appearance of red 
color indicates positive reaction. 
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3.6.1.3.5 Voges-Proskauer (V-P) test  
Glucose phosphate medium, was inoculated with the organism 
under test and incubated at 37oC for 48 hours. One ml of 5% 
alcoholic solution of alphanapthol and 0.2 ml of 40% potassium 
hydroxide (KOH) were added.  The treated culture was then shaken 
well and placed in a sloped position and examined after 15 minutes 
and one hour.  A positive reaction was indicated by bright pink color 
as a result of the production of acetylmethylcarbinol (acetoin). 
3.6.1.3.6 Gelatin hydrolysis (Liquefaction)  
The method of Barrow and Felthman (1993) was followed. The 
test culture was inoculated into nutrient gelatin and was incubated at 
37oC for up to 14 days. The inoculated tube was placed in a 
refrigerator for 2 hours every 2-3 days and was examined. The 
liquefaction of gelatin was an indication of a positive test. 
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CHAPTER FOUR 
RESULTS 
 
4.1 Isolation and identification of bacteria 
The isolation and identification of bacteria presented at different 
sites of carcasses, revealed 28 species including Gram-positive and 
Gram-negative. Gram-positive isolate included 11 species which 
were: Staphylococcus capitis (3.5%), S. hyicus (3.8%), S. lentus 
(2.8%), S. sciuri (6.0%), S. epidermidis (2.0%), S. caseolyticus 
(6.0%), S. caprea (2.2%), S. gallinarum (5.0%), S. kloosii (2.1%), S. 
intermedius (1.2%), S. aureus (5.4%), S. simulans (6.0%), S. xylosus 
(2.7%), S. hominis (3.0%), Micrococcus luteus (3.8%), M. roseus 
(1.9%), M. varians (3.9%), M. nishinomiyaensis (2.0%), M. lyiae 
(1.3%), M. sedentariu (1.3%), Stomatococcus mucilaginosus (2.7%), 
Bacillus lentus (2.4%), B.  sphaericus (1.6%), B.  macerans (2.4%), B.  
cereus (3.7%), B.  thurigigensis (4.0%), B.  alvei (1.6%), B.  
coagulans (1.1%), B.  mycoides (1.5%), B. laterosporus (6.0%), 
Leuconostoc (2.0%), Lactobacillus brevis (4.0%), Corynebacterium 
diphtheriticum (2.0%), C. pilosum (1.0%), C. xerosis (3.0%), 
Aerococcus viradans (1.3%), Rothiadentocariosa (1.7%), Kurthia 
zopfii  (6.0%) and Gemella haemolysans (5.0%) (Table 4.1).  
Gram-negative isolates were 17 species included: E. coli 
(10.1%), Klebsiella pneumoniae (4.4%), K. oxytoca (2.4%),  Proteus 
mirabilis (4.7%), Proteus penneri (0.6%), Pasteurella multocida 
(2.5%), Moraxella osloensis (1.5%), Pseudomonas aeruginosa 
(1.4%), Citrobacter koseri (0.6%), Flavobacterium breve (0.1%), 
Entro-bacter aerogenes (0.6%), Branhamella caterrhalis (0.5%), 
Serratia marinorubra (0.7%), Edwardsiella tarda (0.4%), Hafnia 
alvel
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Table 4.1: Gram-positive bacteria isolated from carcasses, butcher's hands and 
their knives 
Genus Appearance  %  
S. Capitis 3.5% 
S. hyicus 3.8% 
S. lentus 2.8% 
S. sciuri .6% 
S. epidermidis 2.0% 
S. caseolyticus .6% 
S. caprea 2.2% 
S. gallinarum .5% 
S. kloosii 2.1% 
S. intermedius 1.2% 
S. aureus 5.4% 
S. simulans .6% 
S. xylosus 2.7% 
S. hominis .3% 
M. luteus 3.8% 
M. roseus 1.9% 
M.varians 3.9% 
M. nishinomiyaensis .2% 
M.  hyiae 1.3% 
M. sedentarius 1.3% 
M. kristianae 3.9% 
Leuconostoc .2% 
Lactobacillus brevis .4% 
Sto. mucilaginosus 2.7% 
B. lentus 2.4% 
B. sphaericus 1.6% 
B. macerans 2.4% 
B. cereus 3.7% 
B. thuringiensis .4% 
B. alvei 1.6% 
B. coagulans 1.1% 
B. mycoides 1.5% 
B. laterosporus .6% 
Aerococcus viradans 1.3% 
Rothiadentocariosa 1.7% 
Kurthia zopfii  .6% 
Gemella haemolysans .5% 
Coryne bactrium pilosum .1% 
Coryne bacterium xerosis .3% 
Corynebacterium pseudo diphtheriticum .2% 
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 (0.8%), Neisseria lactamica (0.2%), Acinetobacter calcoaceticus 
(0.2%), Moraxella osloensis (0.3%) and Kluyvera (0.2%) (Table 4.2). 
Bacterial species isolated from humps before treatment were 13 
including 8 species of Gram-positive viz: Staphylococcus capitis 
(6.2%), S. hyicus (5.7%), S. lentus (5.9%), S. sciuri (3.2%), S. 
epidermidis (4.9), S. caseolyticus (3.0%), S. caprea (3.5%), S. aureus 
(8.6%), Micrococcus luteus (5.9%), M. roseus (3.8%), M. varians 
(4.3%), M. kristiane (3.9%), Stomatococcus Mucilaginosus (5.4%), 
Bacillus lentus (4.6%), B.  sphaericus (3.0%), B.  macerans (3.2%), B.  
cereus (4.1%), B.  thurigiensis (1.9%), B.  alvei (3.2%), B.  coagulans 
(3.2%), B.  mycoides (2.7%), Aerococcus viradans (3.5%), Rothia-
dentocariosa (2.2%), Kurthia zopfii  (1.9%) and Micrococcus 
kristianae (5.9%) and 5 species Gram-negative: Escherichia coli 
(26.2%), Klebsiella peneumonia (10.7%), Klebsiella oxytoca (9.8%), 
Proteus mirabilis (14.8%), P. penneri (9.0%), Pasteurella multocida 
(16.4%) and Moraxella osloensis (13.1%) (Table 4.3). 
Bacteria isolated and identification from neck before treatment 
revealed 12 species including, 7 species from Gram-positive: 
Staphylo-coccus capitis (6.2%), S. hyicus (7.1%), S. lentus (3.5%), S. 
caprea (5.8%), S. gallinarum (2.7%), S. kloosii (4.9%), S. intermedius 
(9.7%), S. aureus (8.8%), S. simulans (0.9%), S. roseus (3.5%), S. 
hishinomyaensis (1.8%), S. hyiae(4.0%),  S. mucilaginosus (4.4%), 
Bacillus sphaericus (2.7%), B. cereus (5.8%), B. alvei (6.6%), B. 
mycoides (4.0%), B. laterosporus (4.9%), Rothiadentocariosa (8.0%) 
and Micrococcus kristianae (4.9%) and 5 species from Gram-
negative:  Escherichia coli (32.1%), Klebsiella pneumoniae (26.2%), 
Proteus
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Table 4.2: Gram-negative bacteria isolated from carcasses, butcher's hands and 
their knives 
 
Genus Appearance ( %) 
E. coli 10.1 
Klebsiella peneumeae 4.4 
Klebsiella oxytoca 2.4 
Proteus mirabilis 4.7 
Proteus penneri 0.6 
Pasteurella multocida 2.5 
Moraxella osloensis 1.5 
Pseudomonas aeruginosa 1.4% 
Citrobacter koseri 0.6 
Flavobacterium breve 0.1 
Entrobacter aerogenes 0.6 
Branhamella caterrhalis 0.5 
Serratia marinorubra 0.7 
Edwardsiella tarda 0.4 
Hafnia alvel 0.8 
Neisseria lactamica 0.2 
Acinetobacter calcoaceticus 0.2 
Moraxella osloensis 0.3 
Kluyvera 0.2 
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Table 4.3: Bacterial isolates from the humps region at evisceration stages 
 Genus Appearance (%) 
Gram-positive Staphylococcus capitis 6.2 
Staphylococcus hyicus 5.7 
Staphylococcus lentus 5.9 
Staphylococcus sciuri 3.2 
Staphylococcus epidermidis 4.9 
Staphylococcus caseolyticus 3.0 
Staphylococcus caprea 3.5 
Staphylococcus aureus 8.6 
Micrococcus luteus 5.9 
Micrococcus roseus 3.8 
Micrococcus varians 4.3 
Sto. mucilaginosus 5.4 
Bacillus lentus 4.6 
Bacillus  sphaericus 3.0 
Bacillus  macerans 3.2 
Bacillus  cereus 4.1 
Bacillus  thurigiensis 1.9 
Bacillus  alvei 3.2 
Bacillus  coagulans 3.2 
Bacillus  mycoides 2.7 
Aerococcus viradans 3.5 
Rothiadentocariosa 2.2 
Kurthia zopfii  1.9 
Micrococcus kristianae 5.9 
Total 100.0 
Gram-negative Escherichia coli 
Klebsiella peneumonia  
Klebsiella oxytoca 
Proteus mirabilis 
Proteus penneri 
Pasteurella multocida 
Moraxella osloensis 
26.2 
10.7 
9.8 
14.8 
9.0 
16.4 
13.1 
Total 100.0 
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mirabilis (17.9%), Pasteurella multocida (9.5%) and Pseudomonas 
aeruginosa (14.3%) (Table 4.4). 
Bacterial species were isolated from brisket before treatment. 
Thye included 8 species of Gram-positive: Staphylococcus capitis 
(10.1%), S. hyicus (2.2%), S. epidermidis (2.2%), S. gallinarum 
(2.2%), S. kloosii (5.8%), S. aureus (9.4%), S. simulans (7.2%), S. 
xylosus (5.0%), Micrococcus luteus (4.3%), M. roseus (2.2%), M.  
hyiae (4.3%), M. sedentarius (8.6%), S. mucilaginosus (4.3%), 
Stomatococcus mucilaginosus sphaericus (8.6%), Bacillus cereus 
(5.8%), B. mycoides (5.0%), Aerococcus viradans (2.9%), Rothia-
dentocariosa (3.6%), Gemella haemolysans (1.4%), Coryhebactrium 
pilosum (1.4%) and Corynebacterium xerosis (3.6%) and 5 species 
Gram-negative: Escherichia coli (44.8%), Klebsiella pneumoniae 
(20.9%), Proteus mirabilis (11.9%), Moraxella osloensis (7.5%) and 
Pseudomonas aeruginosa (14.9%) (Table 4.5). 
Table (4.6) shows bacterial species isolated from flank before 
treatment. They were 20 including 9 species of Gram-positive: 
Staphylococcus capitis (6.8%), S. hyicus (6.8%), S. epidermidis 
(10.2%), S. kloosii (5.1%), S. aureus (6.8%), S. xylosus (8.5%), S. 
hominis (5.1%), Micrococcus luteus (4.2%), Leuconostoc (2.5%), 
Lactobacillus brevis (5.9%), Coryhe-bacterium pseudodiphtheriticum 
(2.5%), Bacillus  lentus (5.1%), B.  cereus (8.5%), B.  alvei (2.5%), B. 
coagulans (6.8%), Aerococcus viradans (5.9%) and Kurthia zopfii  
(4.2%) and 12 species of Gram-negative: Escherichia coli (30.2%). 
Klebsiella pneumoniae (3.5%), K. oxytoca (14.0%), Proteus mirabilis 
(8.1%), Pasteurella multocida (7.0%), Pseudomonas aeruginosa 
(5.8%),  Citrobacter  koseri  (9.3%),  Flavobacterium  breve  (2.3%),  
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Table 4.4: Bacterial isolates from the neck region at evisceration stages 
 Genus Appearance (%)  
Gram-positive Staphylococcus capitis 6.2 
Staphylococcus hyicus 7.1 
Staphylococcus lentus 3.5 
Staphylococcus caprea 5.8 
Staphylococcus gallinarum 2.7 
Staphylococcus kloosii 4.9 
Staphylococcus intermedius 9.7 
Staphylococcus aureus 8.8 
Staphylococcus simulans .9 
Staphylococcus roseus 3.5 
Staphylococcus hishinomyaensis 1.8 
Staphylococcus hyiae 4.0 
Stomatococcus mucilaginosus 4.4 
Bacillus sphaericus 2.7 
Bacillus cereus 5.8 
Bacillus alvei 6.6 
Bacillus mycoides 4.0 
Bacillus latrosporus 4.9 
Rothiadentocariosa 8.0 
Micrococcus kristianae 4.9 
Total 100.0 
Grave negative Escherichia coli 32.1 
Klebsiella pneumoniae 26.2 
Proteus mirabilis 17.9 
Pasteurella multocida 9.5 
Pseudomonas aeruginosa 14.3 
Total 100.0 
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Table 4.5: Bacterial isolates from the brisket region at evisceration stages 
 Genus  Appearance (%) 
Gram-positive Staphylococcus capitis 10.1 
Staphylococcus hyicus 2.2 
Staphylococcus epidermidis 2.2 
Staphylococcus gallinarum 2.2 
Staphylococcus kloosii 5.8 
Staphylococcus aureus 9.4 
Staphylococcus simulans 7.2 
Staphylococcus xylosus 5.0 
Micrococcus luteus 4.3 
Micrococcus roseus 2.2 
Micrococcus  hyiae 4.3 
Micrococcus sedentarius 8.6 
Stomatococcus mucilaginosus 4.3 
Stomatococcus mucilaginosus sphaericus 8.6 
Bacillus cereus 5.8 
Bacillus mycoides 5.0 
Aerococcus viradans 2.9 
Rothiadentocariosa 3.6 
Gemella haemolysans 1.4 
Coryhebactrium pilosum 1.4 
Corynebacterium xerosis 3.6 
Total 100.0 
Gram-negative Escherichia coli 44.8 
Klebsiella pneumoniae 20.9 
Proteus mirabilis 11.9 
Moraxella osloensis 7.5 
Pseudomonas aeruginosa 14.9 
Total 100.0 
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Table 4.6: Bacterial isolates from the flank region at evisceration stages 
 Genus Appearance  (%) 
Gram-positive Staphylococcus capitis 6.8 
Staphylococcus hyicus 6.8 
Staphylococcus epidermidis 10.2 
Staphylococcus kloosii 5.1 
Staphylococcus aureus 6.8 
Staphylococcus xylosus 8.5 
Staphylococcus hominis 5.1 
Micrococcus luteus 4.2 
Leuconostoc 2.5 
Lactobacillus brevis 5.9 
Kluyvera 2.5 
Coryhebacterium pseudodiphtheriticum 2.5 
Bacillus  lentus 5.1 
Bacillus  cereus 8.5 
Bacillus  alvei 2.5 
Bacillus coagulans 6.8 
Aerococcus viradans 5.9 
Kurthia zopfii  4.2 
Total 100.0 
Gram-negative Escherichia coli 30.2 
Klebsiella pneumoniae 3.5 
Klebsiella oxytoca 14.0 
Proteus mirabilis 8.1 
Pasteurella multocida 7.0 
Pseudomonas aeruginosa 5.8 
Citrobacter koseri 9.3 
Flavobacterium breve 2.3 
Entrobacter aerogenes 7.0 
Branhamella caterrhalis 4.7 
Serratia marinorubra 5.8 
Edwardsiella tarda 2.3 
Total 100.0 
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Entrobacter aerogenes  (7.0%),  Branhamella  caterrhalis  (4.7%), 
Serratia marinorubra (5.8%) Kluyvera (2.5%) and Edwardsiella tarda    
(2.3%). 
Bacterial species were isolated from intesine before treatment. 
They included 5 species of Gram-positive: Staphylococcus capitis 
(9.5%), S. hyicus (11.1%), S. epidermidis (7.9%), S. aureus (7.9%), 
Micrococcus  hyiae (14.3%), Stomatococcus mucilaginosus (9.5%), 
Bacillus macerans (15.9%), B. cereus (7.9%), B. mycoides (3.2%) and 
Gemella haemolysans (12.7%)  and 11 species Gram-negative: 
Escherichia coli (23.5%), Klebsiella pneumoniae (10.1%), Proteus 
mirabilis (23.5%), Citrobacter koseri (2.5%), Entrobacter aerogenes 
(5.0%), Branhamella caterrhalis (5.0%), Serratia marinorubra 
(6.7%), Edwardsiella tarda (5.0%%), Hafnia alvel (12.6%), Neisseria 
lactamica (3.4%) and Acinetobacter calcoaceticus (2.5%) (Table 4.7). 
Bacterial species were isolated from right hands of workers. 
They included 4 species of Gram-positive: Staphylococcus hyicus 
(7.9%), S. lentus (6.1%), S. caprea (9.1%), S. kloosii (2.4%), S. 
xylosus (6.7%), Micrococcus luteus (8.5%), M. varians (17.7%), 
Bacillus lentus (7.3%), B. macerans (6.7%), B. cereus (11.0%) and M. 
kristianae (16.5%) and 3 species Gram-negative: Escherichia coli 
(42.9%), Klebsiella pneumoniae (14.3%), K. oxytoca (26.2%) and 
Moraxella osloensis (16.7%) (Table 4.8). 
Table (4.9) shows nine bacterial species isolated from left hands 
of workers. They included 4 species of Gram-positive:  Staphyl-
ococcus hyicus (1.8%), S. lentus (11.9%), S. kloosii (7.3%), S. aureus 
(11.0%), S. xylosus (6.4%), Micrococcus luteus (14.7%), M. varians 
(16.5%), Bacillus lentus (9.2%), B. macerans (10.1%) and
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Table 4.7: Bacterial isolates from the intestine 
 Genus Appearance  (%) 
Gram-positive Staphylococcus capitis 9.5 
Staphylococcus hyicus 11.1 
Staphylococcus epidermidis 7.9 
Staphylococcus aureus 7.9 
Micrococcus  hyiae 14.3 
Stomatococcus mucilaginosus 9.5 
Bacillus macerans 15.9 
Bacillus cereus 7.9 
Bacillus mycoides 3.2 
Gemella haemolysans 12.7 
Total 100.0 
 Escherichia coli 23.5 
Klebsiella peumoniae 10.1 
Proteus mirabilis 23.5 
Citrobacter koseri 2.5 
Entrobacter aerogenes 5.0 
Branhamella caterrhalis 5.0 
Serratia marinorubra 6.7 
Edwardsiella tarda 5.0% 
Hafnia alvel 12.6 
Neisseria lactamica 3.4 
Acinetobacter calcoaceticus 2.5 
Total 100.0 
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Table 4.8: Bacterial isolates from the right hand of butchers 
 
 Genus Appearance  (%) 
Gram-positive Staphylococcus hyicus 7.9 
Staphylococcus lentus 6.1 
Staphylococcus caprea 9.1 
Staphylococcus kloosii 2.4 
Staphylococcus xylosus 6.7 
Micrococcus luteus 8.5 
Micrococcus varians 17.7 
Micrococcus kristianae 16.5 
Bacillus lentus 7.3 
Bacillus macerans 6.7 
Bacillus cereus 11.0 
Total 100.0 
Gram-negative Escherichia coli 42.9 
Klebsiella pneumoniae  14.3 
Klebsiella oxytoca 26.2 
Moraxella osloensis 16.7 
Total 100.0 
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Table 4.9: Bacterial isolates from the left hand of butchers 
 Genus Appearance  (%) 
Gram-positive Staphylococcus hyicus 1.8 
Staphylococcus lentus 11.9 
Staphylococcus kloosii 7.3 
Staphylococcus aureus 11.0 
Staphylococcus xylosus 6.4 
Micrococcus luteus 14.7 
Micrococcus varians 16.5 
Bacillus lentus 9.2 
Bacillus macerans 10.1 
Micrococcus kristianae 11.0 
Total 100.0 
Gram-negative Escherichia coli 34.6 
Klebsiella pneumoniae 11.5 
Klebsiella oxytoca 19.2 
Pasteurella multocida 23.1 
Moraxella osloensis 11.5 
Total 100.0 
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Micrococcus kristianae (11.0%) and 5 species Gram-negative: 
Escherichia coli (34.6%), Klebsiella pneumoniae (11.5%), K. oxytoca 
(19.2%), Pasteurella multocida (23.1%) and Moraxella osloensis 
(11.5%). 
Bacterial species were isolated from knives of the workers 
during slaughtering and preparation of carcass. They included 3 
species of Gram-positive: Staphylococcus kloosii (2.6%), S. aureus 
(14.3%), S. xylosus (19.5%), Micrococcus luteus (10.4%), M. roseus 
(14.3%), M. varians (13.0%), M. sedentarius (15.6%) and Stomato-
coccus mucilaginosus (10.4%) and 3 species of Gram-negative: 
Escherichia coli (37.0), Klebsiella pneumoniae (22.2) and Proteus 
mirabilis (40.7) (Table 4.10). 
4.2 Viable count of bacteria in general 
 The surface contamination of camel carcass was studied after 
skinning and evisceration and the aerobic plate count were 
determined.  
The contamination levels recorded were found to be in the point 
of without washing for the carcasses (mean is 1.32 x 105 cfu/cm). 
The contamination levels recorded were found to be in the point 
of treatment by using of washing with normal water tank (mean is 1.3 
x 104 cfu/cm), 
In the point of without washing and washing with normal water 
tank there were no significantly different (P>0.05). 
The contamination levels recorded were found to be in the point 
of treatment by washing with chlorinate water 80ppm (mean is 3.7 x 
104 cfu/cm). 
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Table 4.10: Bacterial isolates from the knives 
 
 Genus Appearance  (%) 
Gram-positive Staphylococcus kloosii 2.6 
Staphylococcus aureus 14.3 
Staphylococcus xylosus 19.5 
Micrococcus luteus 10.4 
Micrococcus roseus 14.3 
Micrococcus varians 13.0 
Micrococcus sedentarius 15.6 
Stomatococcus mucilaginosus 10.4 
Total 100.0 
Gram-negative Escherichia coli 37.0 
Klebsiella pneumoniae 22.2 
Proteus mirabilis 40.7 
Total 100.0 
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The contamination levels recorded were found to be in the point 
of treatment by washing with chlorinated water 100ppm (mean is 1.9 
x 104 cfu/cm). 
The contamination levels recorded were found to be in the point 
of treatment by washing with chlorinated water 110ppm (mean is 0.0). 
The highest contamination levels recorded were found to be in 
the point of without washing (mean is 1.32 x 105 cfu/cm) and washing 
with the normal water tank (mean is 1.3 x 104 cfu/cm whereas the 
lowest contamination recode was in the point of washing with 
chlorinate water 110ppm (mean is 0.0) (Table 4.11, Fig. 4). 
4.3 Viable count of bacteria in four sites as in general  
The contamination levels as recorded in the humps were at a 
mean of 4.7 x 104 cfu/cm. The contamination levels recorded were 
found to be in the neck mean is 5.9 x 104 cfu/cm. The contamination 
levels records were found to be in the brisket men is 6.5 x 104 cfu/cm. 
The contamination levels records were found to be in the flank men is 
8.2 x 104 cfu/cm (Table 4.12, Fig. 5). 
The highest contamination levels recorded were found to be in 
the flank mean is 8.2 x 104 cfu/cm. 
The lowest contamination was in the humps mean is 4.7 x 104 
cfu/cm. 
4.4 Viable count of bacteria in seasons in general 
The bacteriological examination of the collected samples from 
carcass during seasons recorded in summer (mean is 7.3 x 104 cfu/cm 
whereas the contamination levels in autumn (mean is 7 x 103 cfu/cm). 
When the contamination levels in the winter (mean is 4.8 x 104 
cfu/cm). The highest contamination levels recorded were found to be
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Table 4.11: Mean viable count
Treatments 
Without water  
Normal water 
Chlorinated water-80% 
Chlorinated water-100%
Chlorinated water-110%
Total mean 
Means with the same letters are
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 of bacteria in treatment as general 
  N 
Bacterial Load
Mean ±  
Standard Error  Minimum
240 1.32î105±3î103 a 42î103
240 1.3î104±3î103 a 14.3î10
 240 3.7î104±1î103 b 0 
 240 1.9î104±1î103 c 0 
 240 0.0±0.0d 0 
1200 6.3î104±2î03 c 0 
 not significantly different (P
 bacteria in treatment as general 
Normal 
water
Chlorinated 
water-ϴϬ%
Chlorinated 
water-ϭϬϬ%
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water
Treatments
 
 Maximum 
 1.99î105 
3 1.99î105 
1.00î104 
4.0î104 
0 
1.99î105 
>0.05) 
  
-ϭϭϬ%
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 Table 4.12: Mean viable count of bacteria in the four sites as general
Sides (organs)
Humps 
Neck  
Brisket  
Flank  
Total mean 
        Means with the same letters are
 
 
 
 
Fig. 5: Mean viable count of bacteria in the fou
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Bacterial Load 
Mean ± 
Standard Error Minimum Maximum
300 4.7î104±3î103 a 0 1
300 5.9î104±4î103 b 0 1
300 6.5î104±3î103 c 0 1
300 8.2î104±4î103 d 0 1
1200 6.3î104±2î103 c 0 1
 not significantly different (P
r sites as general 
Neck Brisket Flank
Sides 
 
 
.90î105 
.98î105 
.98î105 
.99î105 
.99î105 
>0.05) 
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in the summer (mean is 7.3 x 104 cfu/cm) whereas the lowest 
contamination recorded was in the winter (mean is 4.8 x 104 cfu/cm) 
(Table 4.13 and Fig. 6). 
4.5 Total viable count of bacteria in the geographical locations in 
general 
 The contamination levels recorded in Al-obeid slaughterhouse 
(abattoir) (mean is 6.4 x 104 cfu/cm). The contamination levels 
recorded in Tamboul slaughterhouse (mean is 5.6 x 104 cfu/cm). The 
contamination levels recorded in Abudeleg (mean is 6.3 x 104 cfu/cm). 
There are not significantly different between Al-obied – Tamboul and 
Abudeleg. 
 The contamination levels recorded in Al-Salam slaughterhouse 
recorded (mean is 6.2 x 104 cfu/cm). 
 The highest contamination levels recorded were found to be in 
Tambul whereas the lost contamination recorded was in the Al-Salam 
(Table 4.14 and Fig. 7). 
4.6 Viable count of bacteria on the humps region and of the 
seasons and geographical locations effect 
 The mean values of aerobic plate count were 1.03 x 105cfu/cm 
in without wash stage while the mean were 1.03 x 104 cfu/cm in 
treatment by using wash with normal water tank. 
 In the treatment by using wash with chlorinated water 80 ppm 
the mean were 2.3 x 104 cfu/cm while in washing with chlorinated 
water 100ppm mean were 7 x 103 cfu/cm and in the point of    
washing with chlorimate water 110ppm the mean were 0.00 cfu/cm 
(Table 4.15). 
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    Table 4.13: Mean viable count of bacteria in the season as general
Seasons 
Summer  
Autumn  
Winter  
Total mean 
 
 
 
 
Fig. 6: Mean viable count of bacteria in the season as general
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N 
Bacterial Load 
Mean ± 
Standard Error Minimum Maximum
400 7.3î104±4î103  0 
400 7î103±3î103  0 
400 4.8î104±2î103  0 
1200 6.3î103± î103 0 
 
Autumn Winter
Seasons
 
 
1.99î105 
1.99î105 
1.70î105 
1.99î105 
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 Table 4.14: Mean viable count of bact
Location 
Al-Obeid 
Tamboul
Abudeleg
Al-salam
Total mean
        Means with the same letters are not significantly different 
 
 
 
Fig. 7: Mean viable count of bacteria in geographical lactations as general
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eria in geographical lactations as general
N 
Bacterial Load 
Mean ± 
Standard Error Minimum Maximum
 300 6.4î104±4î103 a 0 1
 300 6.5î104±4î103 a 0 1
 300 6.3î104±4î103 a 0 1
 300 6.2î104±4î103 b 0 1
 1200 6.3î104±2î103 0 1
(p >0.05) 
 
Tamboul Abudeleg Al-salam
Geographical Locations
  
 
.98î105 
.98î105 
.99î105 
.99î105 
.99î105 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 109 
 
Fig. 8: Mean viable count of bacteria in four sites after skinning and evisceration 
point 
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Table 4.15: Mean viable count of bacteria in the humps region and the effect of the 
season and geographical location. 
Source of variation N 
Bacterial load 
Mean ± 
Standard Error Minimum Maximum 
Total mean 300 4.7î104±3î103 0 1.90î105 
Effect of treatments     
Without wash 60 1.03î105±4î103a 42×103 1.90î105 
Wash with normal 
water 
60 1.03î104±4î103a 41×103 1.78î105 
Chlorinated water-
80% 
60 2.3î104±3î103b 0 1.00î104 
Chlorinated water-
100% 
60 7î103±2î103c 0 3.6î104 
Chlorinated water-
110% 
60 0.00±0.00d 0 0 
Effect of seasons  n.s   
Summer  100 5.6î104±6î103 0 1.78î105 
Autumn  100 5.3î104±6î103 0 1.90î105 
Winter  100 3.3î104±4î103 0 9.9î104 
Effect of location   n.s   
Al-Obeid 75 4.7î104±6î103 0 1.62î105 
Tamboul 75 4.8î104±7î103 0 1.90î105 
Abudeleg 75 4.7î104±6î103 0 1.52î105 
Al-Salam 75 4.5î104±6î103 0 1.66î105 
n.s = not significant 
Means with different letters are significantly different (P>0.05) 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 111 
 The effect of seasons were in summer mean were 5.6 x 104 
cfu/cm while in autumn mean were 5.3 x 104 cfu/cm and in the winter 
were 3.3 x 104 cfu/cm. 
 The effect of location in Al-obeid area, the mean were 7.4 x 104 
cfu/cm while in Tambul mean were 4.8 x 104 cfu/cm. In Abudeleg 
mean were 4.7 x 104 cfu/cm and in El Salam abattoir mean were 4.5 x 
104 cfu/cm 
4.7 Viable count of bacteria on the neck region and of the seasons 
and geographical locations effect 
 The mean values of aerobic plate count were 1.3 x 104 cfu/cm 
in without wash stage while the mean were 1.24 x 105 cfu/cm in 
treatment by washing with normal water tank. In the treatment by 
using wash with chlorinated water 80ppm the mean were 2.9 x 104 
cfu/cm while in wash with chlorinated water 100ppm mean were 1.3 x 
104 cfu/cm and the wash with chlorinated water 110ppm mean were 
0.00 cfu/cm. The effect of seasons in summer mean were 6.8 x 104 
cfu/cm while in autumn mean were 7 x 104 cfu/cm and in the winter 
mean were 3.9 x 104 cfu/cm. 
 The effect of location in Al-obeid area the mean were 5.9 x 104 
cfu/cm while in Tamboul mean were 6.1 x 104 cfu/cm, in Abudeleg 
mean were 6 x 104 cfu/cm and El Salam abattoir mean were 5.7 x 104 
cfu/cm (Table 4.16). 
4.8 Viable count of bacteria on the brisket region and of the 
seasons and geographical locations: 
 The mean values of aerobic plate count were 1.3 x 104 cfu/cm 
in without wash stage while the mean were 1.27 x 105 cfu/cm in 
treatment by using wash with normal water tank. In the treatment by 
using wash with chlorinated water 80ppm the mean were
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Table 4.16: Mean viable count of bacteria in the neck region and the effect of the season 
and geographical locat 
Source of variation N 
Bacterial load 
Mean ± 
Standard Error 
Minimu
m Maximum 
Total mean 300 5.9î104±4î103 0 1.98î105 
Effect of treatments     
Without wash 60 1.3î104±6î103a 42î103 1.94î105 
Wash with normal water 60 1.24î105±6î103a 14.3î103 1.98î105 
Chlorinated water-80% 60 2.9î104±3î103b 0 6.1î104 
Chlorinated water-100% 60 1.3î104±2î103c 0 3.6î104 
Chlorinated water-110% 60 0.00±0.00d 0 0 
Effect of seasons  n.s   
Summer  100 6.8î104±7î103 0 1.98î10 
Autumn  100 7 î104±7î103 0 1.89î10 
Winter  100 3.9î104±4î103 0 1.12î10 
Effect of location   n.s   
Al-Obeid 75 5.9î104±7î103 0 1.95î10 
Tamboul 75 6.1î104±8î103 0 1.95î10 
Abudeleg 75 6î104±7î103 0 1.98î10 
Al-Salam 75 5.7î104±8î103 0 1.77î10 
n.s = not significant 
Means with different letters are significantly different (p>0.05) 
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4.4 x 104 cfu/cm while in washing with chlorinated water 100ppm mean 
were 2.2 x 104 cfu/cm and in the wash with chlorinated water 110ppm 
mean were 0.00 cfu/cm (Table 4.17). 
 The effect of seasons were in summer mean were 7.5 x 104 cfu/cm 
while in autumn mean were 6.8 x 104 cfu/cm and in the winter mean were 
5.2 x 104 cfu/cm. 
 The effect of location in Al-obeid area the mean were 6.6 x 104 
cfu/cm while in Tambaul mean were 6.6 x 104 cfu/cm, in Abudeleg mean 
were 6.3 x 104 cfu/cm and in El Salam abattoir mean were 6.4 x 104 
cfu/cm. 
4.9 Viable count of bacteria on the flank region and of the seasons and 
geographical locations: 
 The mean values of aerobic plate count were 1.64 x 105 cfu/cm in 
without wash stage while the mean were 1.62 x 105 cfu/cm in treatment by 
using wash with normal water tank (Table 18). 
 In the treatment by using wash with chlorinated water 80ppm the 
mean were 5.2 x 104 cfu/cm while in washing with chlorinated water 
100ppm mean were 3.3 x 104 cfu/cm and in the wash with chlorinated 
water 110ppm mean were 0.00 cfu/cm. 
 The effect of seasons were in summer mean were 9.2 x 104 cfu/cm 
while in autumn mean were 8.8 x 104 cfu/cm and in the winter mean were 
6.7 x 104 cfu/cm. The effect of location in Al-obeid area the mean were 8.5 
x 104 cfu/cm while in Tambal mean were 8.1 x 104 cfu/cm, in Abudeleg 
mean were 8.2 x 104 cfu/cm and in El-salam abattoir mean were 8.1 x 104 
cfu/cm. 
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Table 4.17: Mean viable count of bacteria in the brisket region and the effect of the 
season and geographical location. 
Source of variation N 
Bacterial load 
Mean ± Standard Error Minimu
m 
Maximum 
Total mean 300 6.5î104 ±3î103 0 1.98î105 
Effect of treatments     
Without wash 60 1.3î104±4î103a 63î103 1.85î105 
Wash with normal water 60 1.27î105±5î103a 82î103 1.98î105 
Chlorinated water-80% 60 4.4î104±2î103b 14î103 9.6î104 
Chlorinated water-100% 60 2.2î104±2î103c 0 3.8î104 
Chlorinated water-110% 60 0.00±0.00d 0 0 
Effect of seasons  n.s   
Summer  100 7.5î04±7î103 0 1.198î106 
Autumn  100 6.8î104±6î103 0 1.85î105 
Winter  100 5.2î104±4î103 0 1.50î105 
Effect of location   n.s   
Al-Obeid 75 6.6î104±7î103 0 1.82î105 
Tamboul 75 6.6î104±7î103 0 1.85î105 
Abudeleg 75 6.3î104±6î103 0 1.98î105 
Al-Salam 75 6.4î104±7î103 0 1.84î105 
n.s = not significant 
Means with different letters are significantly different (p>0.05) 
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Table 4.18: Mean viable count of bacteria in the flank region and the effect of the 
season and geographical location. 
 
Source of variation N Bacterial load Mean ± Standard Error Minimum Maximum 
Total mean 300 8.2×103±4×103 0 199×103 
Effect of treatments     
Without wash 60 1.64×105±4×103a 97×103 199×103 
Wash with normal water 60 1.62×105±4×103a 82×103 199×103 
Chlorinated water-80% 60 5.2×104±2×103b 14×103 98×103 
Chlorinated water-100% 60 3.3×104±1×103c 0 40×103 
Chlorinated water-110% 60 0.00±0.00d 0 0 
Effect of seasons  n.s   
Summer  100 9.2×104±8×103 0 199×103 
Autumn  100 8.8×104±8×103 0 199×103 
Winter  100 6.7×104±5×103 0 170×103 
Effect of location   n.s   
Al-Obeid 75 8.5×104±8×103 0 198×103 
Tamboul 75 8.1×104±8×103 0 198×103 
Abudeleg 75 8.2×104±8×103 0 199×103 
Al-Salam 75 8.1×104±8.×103 0 199×103 
n.s = not significant 
Means with different letters are significantly different (P>0.05) 
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 At the study of the effect of camel humps fats on bacteria growth the 
result detected camel fat has inhibited the growth of E. coli and S. aureus. 
Inhibition zones were observed when camel humps fat was used. In 
contrast fats obtained from sheep, goat and cattle did not induced any 
evident inhibition of the bacterial growth (Fig. 9, 10, 11 and 12). 
 In differentiating camel meat by using anti-camel hyperimmune 
serum prepared in rabbits, precipitation bands were observed with aturbid 
layer between the homologous camel meat extract and hyperimmune 
serum, while faint lines were recorded with heterologous antigen from 
other type of meat. This will disqualify the use of immunodiffission test to 
differentiation between meats for varies animal.   
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Fig. 9: Camel fat has inhibited the growth of Staph aureus shown the inhibition zones in 
Bird-parker medium 
 
 
 
 
 
 
Fig. 10: Camel fat has inhibited the growth of E. coli shown the inhibition zones in 
chromogenic medium 
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Fig. 11: Camel fat has inhibited the growth of E. coli shown the inhibition zones in 
MacConkey medium 
 
 
 
Fig. 12: Camel fat has inhibited the growth of Staph aureus shown the inhibition zones 
in Blood agar medium 
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CHAPTER FIVE 
DISSCUSSION 
 
 The significance of bacteria in meat was recognized during Pasteur. 
It was then evident that meat favours multiplication of many kinds of 
bacteria which may reach it from various sources beside the air (Miller, 
1951). 
  Banwart (1981) reported that the gaseous atmosphere surrounding 
the food may determine the types of organisms which become dominant. 
Oxygen favours the growth of aerobes while lack of oxygen will allow 
facultative anaerobes to dominate. 
 Gracey (1980) reported that there are different sources of meat 
contamination for example, invasion of blood vessels by bacteria from the 
intestines of weaked or ill animals just prior to slaughter. The animals 
digestive tract was claimed to carry dangerous loads of bacteria. The hide, 
legs and hooves contain varying amounts of soil bacteria. Actual contagion 
with dirty hands, clothing's and equipment are important factors in the 
presence of bacteria in meat. 
 Frazier and Westhoff (1988) emphasized the importance of 
contamination from external sources during bleeding, skinning and cutting. 
Where as the sources are exterior of the animals, the intestinal contents, 
knives, air, hands and clothes of the workers. They also reported that 
during handling contamination came from carts, boxes and other 
contaminated meat in chilling storage. During processing contamination 
came from special equipments (grinders, sausage stuffers, fillers spices and 
casings). 
  Druce and Thomas (1970) observed that the bacteria which cause 
spoilage of chilled meat are common in soil, water and vegetation. 
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  Jepsen (1967) noticed that bacteria were carried to the abattoir on 
skin, hoofs and body cavities of meat animals. According to these findings, 
the present study was designed to investigate the bacteria that contaminate 
camelmeat and their sources in a trial to reduce the contamnatinto the 
minimum level. 
 Our study substantiated the findings of several authors, but also 
disagree with others as will be stated as follows: 
Qualitative bacteria examination of camel meat samples in this study 
revealed Gram-positive and Gram-negative aerobes which were isolated 
after skinning and evisceration. Slaughterhouses and personnel were also 
included, butchers hands and their knives were also checked for aerobic 
bacterial presence (Tables 4.1, 4.2). 
In this study E. coli was isolated in all stages of carcass preparation 
as well as from all sites of camel carcasses. This finding is in agreement 
with Joanne (2000), Aldughaym (2001) and Abd Elmutaal (2009). Their 
isolates were from fresh camel meat. Also Salih (1971) and Ibrahim (1992) 
isolated E. coli from camel liver. The organism was also isolated from 
lymph nodes of camels (Mohamed, 1992). The above findings indicate that 
camels are vulnerable to E. coli contamination. 
In this study Citrobacter koseri, Klebsiella pneumoniae, Klebsiella 
oxytaca, Pseudomonas aerogenosa were detected. This is in agreement 
with Mohamed (1992) who isolated the same organisms from slaughtered 
camel lymph node. Also Abd Elrhman (1996) isolated Citrobacter spp. and 
Klebsiella spp. from camel liver. Our study substantiated the findings of the 
above mentioned authors.  
In our study, the species Citrobacter koseri isolation did not agree 
with Aldughaym (2001) who found Citrbacter ferundii to prevail in camels' 
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meat. Also their findings of Enterobacter cloacae, Enterobacter sakazakii 
could not be confirmed by the present study, while this is so, the finding of 
Aldughaicra (2002) concerning the isolation of Serratia liquefaciens, 
Klebsiella pneumonia, Proteus mirabilis, Euterobacter aerogens, proteus 
mirabilis from camel meat is substantiated by the present study.  
Contrary to Aldughaym (2001) fndings we failed to isolate 
Morganella morganii. This disagreement continuous to the findings of 
Mohamed (1992).  
Though Ibrahim (2010) succeeded in isolating Campylobacter spp in 
his tudy about camel meat, we failed to isolate this organism in our trials; 
this might be that we did not use the proper media and the proper technique 
to isolate such organism. Furthermore, we could not dectect Listeria spp. in 
study. This disagreement continues to involve the study of Jazila (2010) 
who succeeded in the isolation of Listeria spp which we failed to isolate it 
from camels' meat in the present investigation. 
Contrary to Jazile (2010) we isolated Lactobacillus brevis from 
camel meat in the study, on the other hand, we agree with Jazile (2010) in 
isolation of the Lactobacillus spp. though we differed when we come to the 
specie level, since she isolated L. planterum wile we isolated L. brevis. 
Flayed et al. (1953) and Ibrahim (1996) were able to detect Hafnya 
and considered it as a non pathogenic organism. We confirmed the 
isolation of this orgaism in our tudy, but its significance as a pathogen 
could be debatable. 
Though we agree with Mohamed (1992) and Abdel Mutaal (2009) in 
the faliure to isolate Salmonella spp. which in contrary to the finding of 
Khan (1969; Saad (1975); Nasr (1992) and Ibrahim (1996).  
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Among Gram-positive bacterial isolation in this study included 
Staphylococcus aureus, S. epidermidis, Micrococcus luteus, M. varians, M. 
roseus, Corynebacterium exrosis, Bacillus cereus and B. alvei. This is in 
agreement with the finding of Mohamed (1992), he isolated the same 
species from slaughtered camels' lymph node. Also the finding of S. 
epidermidis and Bacillus cerus in this study is in agreement with the 
Ibrahim (1996). He isolated the same species from camels' livers and also 
with the findings of Salih (1921) who isolated Staphylococcus aureus from 
livers of camels slaughtered at Omdurman slaughterhouse. 
Bacillus cerus was isolated from livers of camels slaughtered at 
Omdurman abattoir by Salih (1971). The organism is meat-borne and is 
naturally found in the animals' environment (Ibrahim, 1990). Similar results 
wre reported in our study. 
Equally the findings of Micrococcus and Bacillus in our study is in 
agreement with the results of Riemann (1969); Salih (1971) and Abd 
Elmutaal (2009) who showed that fresh bovine and mutton meat samples 
were similarly heavily contaminated with spoilage bacteria of the genera 
Micrococcus and Bacillus.  
El Sanousi et al. (1986) isolated Aeromonads hydrophila from meat 
products, an organism we failed to isolate in this study. 
Also mong the Gram-positive bacteria detected in our study was 
Kurthia zopfii. Abd Elmutaal (2009) isolated Kurthia gibsonii too. Their 
studying were conducted on beef and mutton samples but not on camel 
meat. 
In this study, the the organisms which we isolated from right hands 
of butchers were Staphylococcus spp and Micrococcus spp. This is in 
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agreement with the finding of Ali (2007). Their study included prevalence 
of bacterial contamination of public health importance working on bovine 
carcasses at Khartoum State. The study the finding of Bacillus spp. E. coli, 
Klebsiella spp. and Moraxella osloensis which isolated from right hands of 
butchers is not in agreement with Ali (2007). 
The bacteria isolated from left hands of butcher included S. lentus, S. 
xylosus and E. coli, this is in agreement with Khalid (2004) and Ali (2007). 
Their isolates were from left hands of butchers working on bovine. We 
could not detect Pseudomonas spp. and Pasteurella spp from left hands of 
butchers. Contrary to the fdinging of of Ali (2007) the isolation of S. 
aureus, S. lentus, S. xylosus and E. coli from butcher's knives is in 
agreement with the findings of Khalid (2004). 
Frazier (1967) showed that any contaminating bacteria on the knife 
could soon be found on meat in various parts of the carcass as it is carried 
by the blood. The contamination of carcasses come from different sources 
including environment and equipment with which meat comes in contact 
during slaughtering and processing. This could be confirmed by the 
isolation of S. kloosii, Klebsiella pneumoniae, Proteus mirabilis and 
Stomato coccusmucilaginosus from butcher's knives' a fiding that could not 
e substantiated of by Khalid (2004). 
Our results showed that among the organisms isolated form the 
camel carcasses were Staphylococcus and E. coli which were the most 
dominating isolates. As camels are often infested with ticks that produce 
multiple wound at different sites of the body. Staphylococci may enter the 
blood circulation via such wounds and consequently cause abscesses in the 
internal organism (Ibahim, 1996). 
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The total viable count has always been used as indicator to the 
hygienic condition inside the slaughter halls. The aerobic plate count is of 
great significance for judging of the hygienic conditions under which the 
meat was produced. It gives a good idea bout the keeping quality of meat 
(Miskimin et al., 1976). In this study, the highest contamination levels was 
recorded in samples after skinning and evisceration and after washing the 
carcasses with tank water means of 1.32 x 105 and 1.3 x 105 cfu/cm 
respectively. This is not in agreement with Aldughaym et al. (2001), whose 
findings recorded mean aerobic plate count on the surface camel carcasses 
4 x 103, 5 x 103, 6.2 x 106/cm2 before skinning, after skinning and after 
preparation and stamping respectively.  
Areas like humps, necks, briskets and flanks showed the highest 
count for bacteria. Also seasonal and geographical variation for bacterial 
contamination was remarkable, this finding is not in agreement with 
Aldughaym (2001) who reported were 6.6 x 105 8.2 x 102 and 6.2 x 104 
cfu/cm2 before skinning, after skinning and after preparation and stamping 
respectively. Also they indicated the mean values of S. aureus count to be 
7.2 x 105, 8.2 x 102 and 5.6 x 104 cfu/cm2 before skinning, after skinning 
and after preparation and stamping of camel carcasses.  
 In differentiating camel meat by using anti-camel hyperimmune 
serum prepared in rabbits, precipitation bands were observed with a turbid 
layer between the homologous camel meat extract and hyperimmune 
serum, while faint lines were recorded with heterologous antigen from 
other types of meat. This will disqualify the use of immunodyfuson test to 
differentiation between meats for various animals. Similar results have 
been recorded by Elias (2010).  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 125 
 In Iran manufacturers adds humps fat in meat products to prolong 
shelf life. This is in agreement with our study as our observation showed 
lowest bacterial contamination levels were found on the humps. 
furthermore, fats from camel's humps were inhibitive to the growth of       
E. coli and S. aureus.  
It worth mentioning that many of our isolates, shown in tables in the 
result chapter, were not isolated by the workers on camel's meat. This could 
be attributed to lack of literature in such similar studies. This urges more 
work on such side of a problem by veterinarians and microbiologist. 
Despite the importance of camels to welfare of their owner, it is 
obviously clear that only meagre studies concerning the bacteriology of 
camel meat have been done. Such an important problem warants further 
studies in this respect especially in countries that camel meat is being used 
intensively.    
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CONCLUSION AND RECOMMENDATION 
 
Conclusion 
This study reveals that there was contamination of fresh meat in 
slaughter house with food spoilage organisms which reduce the quality of 
meat and pathogenic organisms such as Staphylococcus spp., E. coli, 
Pseudomonas spp and Klebsiella spp which constitute a public health 
hazard. In addition several bacteria known to be non-pathogenic may 
become pathogenic under certain circumstances and constitute a health 
hazard. 
Food poisoning bacteria such as Staph aureus and E. coli were 
isolated in most of stages of carcass processing. 
The highest level of contamination with regard to the critical control 
point was found in before and after washing by normal tank water. 
The lowest rates of contamination occurred in critical control points 
were found to be in the washing by chlorinated water 110ppm, while the 
highest rates of contamination occurred on the carcass were found in the 
flank, and the lowest contamination occurred in the carcass surface was 
observed in the humps. 
Camles fat has inhibited the growth of E. coli and S. aureus. 
 In differentiating camel meat by using anti-camel hyperimmune 
serum prepared in rabbits, precipitation bands were observed with aturbid 
layer between the homologous camel meat extract and hyperimmune 
serum, while faint lines were recorded with heterologous antigen from 
other type of meat. This will disqualify the use of immunodiffission test to 
differentiation between meats for varies animal.   
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Recommendations 
Meat is highly perishable food and it must reach the consumer 
suitable for human consumption and healthy. It is recommended that:  
1- There is need to use strict meat hygiene system to control 
contamination in the slaughter house. This should include sanitation 
of the animal which is to be slaughtered general and personal 
hygiene of the slaughter house environment and it is surrounding. 
2- The regulations of personal hygiene of staff handling meat must be 
followed strictly. 
3- Washing of the animal prior to slaughtering reduces the 
contamination of meat by E. coli from fecal matters on hide and skin. 
4- Wash carcasse by chlorinate water. 
5- The floor, the walls, the slaughtering equipments, and the clothes of 
workers at slaughter house and retailer shops must be cleaned and 
disinfected with effective disinfectant to reduce or kill the microbial 
population that they may harbor. 
6- Water sources, additives, spices and utensils must be checked 
frequently for bacterial load to correct any excess contamination. 
7- There is the need for more studies on the influence of the 
environmental temperature on bacterial contamination and on the 
effect on the spices and additives of those bacteria. 
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APPENDICES 
 
Appendix (1) 
1.1 Cultural and biochemical characteristics of Micrococcus and Stomatococcus. 
 
Test 
M
. luteus 
M
. varians 
M
. lylae 
M
. kristinae 
M
. 
nishinom
iyaensis 
M
. sedentarius 
M
. roseus 
Stom
atococcus 
m
ucilaginosus 
Mortality - - - - - - - - 
Oxidase + + + + + + + - 
VP - - - + - - - + 
Pigmentation Yellow Yellow Cream Yellow Orange Cream Red - 
Acid from: glucose - + - + - - + + 
Fructose - + - + - - + + 
Surcrose - + - + - - - + 
Arginine - - - - - + - - 
Nitrate red rectase -      -  
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1.2 Cultural and biochemical characteristics of Staph. spp. 
 
Test 
S. aureus 
S. 
interm
edius 
S. hyicus 
S. 
epiderm
idis 
S. capitis 
S. hom
inis 
S. sim
ulans 
S. Xylosus 
S. caprae 
S. 
gallinarum
 
S. Kloosii 
S. Lentus 
S. sciuri 
S.  
caseulyticus 
Growth anaerobically + + + + + + + - + + - + + + 
Oxidase - - - - - - - - - - - + + + 
Coagulase + + + - - - - - - - - - - - 
Acid from lactose + + + - - + + + + - + + - + 
Maltose + - - + - + - + - + + - + + 
Mannitol + + - - + - + + - + + + + - 
Fructose + + + + + + + + - + + + + + 
Surcrose + + + + + + + + - + + + + - 
Trehalose + + + - - + + + + + + + + - 
Xylose - - - - - - - + - + - - - - 
Cellobiose - - - - - - - - - + - + + ND 
Raffinose - - - - - - - - - + - + - ND 
Mannose + + + + + - + + + + - + - - 
Nitrate + + + + + + - + + + - + + + 
Arginine + + + + + + - - + ND - ND ND ND 
Urea + + + - - + + + + + - + - ND 
VP + - - + + + - - + - - - - - 
ND: not done 
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1.3 Cultural and biochemical characteristics of Leuconostoc and Gemella haemolysans 
Test Leuconostoc Gemella 
haemolysans 
Motility - - 
Catalase - - 
Oxidase - - 
Haemolysis - - 
VP + + 
Growth at 45oC - - 
Acid froms ribose + - 
arabinose  + - 
mannitol + - 
sorbitol - - 
adonitol - + 
scurose + - 
lactose + - 
trehalose + - 
Raffinose + - 
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1.4 Cultural and biochemical characteristics of Lactobacillus brevis 
Test 
Lactobacillus 
brevis 
Motility - 
Catalase - 
Growth at 45oC - 
Gas from:  
Glucose  + 
Acido from:   
Arabinose + 
Galactose - 
Lactose - 
Maltose - 
Mannitol - 
Raffinose + 
Salicin - 
Soritol - 
Trehalose - 
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1.5 Cultural and biochemical characteristics of Bacillus sp.. 
 
Test 
B. cereus 
B. m
ycoides 
B. thuringiensis 
B. lentus 
B. coagulans 
B. alvei 
B. laterosporus 
B. m
acerans 
B. sphaericus 
Motility + - + + + + + + + 
Oxidase + - + + - + - + + 
Catalase + + + + + + + + + 
Carbohydrate    acid 
from: glucose + + + + + + + + - 
Cellobiose + - + - - + - + - 
Galactose - + - - + - - + - 
Mannose - - + + + + - + - 
Melibiose - - - + + - - + - 
Raffinose - - - - + + - + - 
Salicin + - + - - + - + - 
Xylose - - - - - - - + - 
Utilization of citrate + - + - + - - - + 
Uerase + + - + - + - - + 
Indol - - - - - - + - - 
VP + + + - - + + + - 
Nitrate reduction + + + - + - + + + 
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1.6 Cultural and biochemical characteristics of Rothia dentocariosa 
 
Test Rothia dentocariosa 
Motility - 
Oxidase Not don 
Catalase + 
Growth in air + 
Acid from: lactose + 
Maltose + 
Mannitol - 
Raffinose - 
Salicin _ 
Sorbitol - 
Sucrose - 
Trehalose + 
Xylose - 
Meliobiose - 
VP + 
Nitrate reduced _ 
Indole - 
 
 
 
 
1.7 Cultural and biochemical characteristics of Kurthia zopfii 
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Test Lactobacillus brevis 
Motility + 
Oxidase + 
Growth that 4oC + 
Growth that 37oC + 
Growth that 45oC - 
Carbohydrate breakdown:F/O/- - 
Acid from glucose - 
Mannitol - 
L. rhmnose- - 
Sucrose - 
D. xylose - 
VP - 
H2S producted + 
 
 
 
 
 
 
 
 
 
 
1.8  Cultural and biochemical characteristics of Corynebacterium 
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Test 
Corynebacterium 
Xerosis  Pilosum Psuedodiphtheriticum 
Motility - - - 
Oxidase + + + 
OF F F - 
Carbohydrates, acid 
from: glucose 
+ + - 
Lactose - - - 
Maltose + + - 
Mannitol - - - 
Salcinin - - - 
Starch - + - 
Sucrose + - - 
Trehalose - + - 
Xylose - - - 
VP - - - 
Urease - + + 
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1.9 Cultural and biochemical characteristics of Enterobacteria 
Test 
Citrobacter koseri 
E. coli 
H
afnia alvel 
Klebsiella oxytoca 
Klebsiella 
pneum
oniae 
Kluyvera 
Proteus m
irabilis 
Proteus penneri 
Edwardsiella tarda 
Enterobacteraerog
enes 
Serratia 
m
arinorubra 
Motility  + + - - - + + + + + + 
Catalase + + + + + + + + + + + 
Oxidase - - - - - - - - - - - 
MacConkey growth + + + + + + + + + + + 
Simmon's citrate + - + + + + + - - + + 
Urease + - - + + - + + - - - 
H2S (Pb Ac paper) + - + - - + + + + - - 
Carbohydrates in peptone water medium         
Gas from glucose + + + + + + + + + + - 
Acid from adonitol + - - + + - - - - + + 
Arabiose + + + + + + - - - + + 
Cellobiose + - + + + + - - - + + 
Inositol - - - + + - - - - + + 
Lactose + + - + + + - - - + + 
Moltose + + + + + + - + + + + 
Mannitol + + + + + + - - - + + 
Raffinose - + - + + + - - - + + 
rhamnose + + + + + + - - - + - 
Salicin + + + + + + - - - + + 
Sorbitol + + + + + - - - - + - 
Sucrose + - - + + + - + - + + 
Trehalose + + + + + + + - - + + 
Xylose + + + + + + + + - + + 
Starch - - - - + - - - - - - 
MR test + + - + + + - + + + + 
VP  - - + + - - - - - + - 
Indol + + - + - + - - + - - 
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1.10 Cultural and biochemical characteristics of Flavobacterium breve 
Test 
Flavobacterium 
breve 
Motility - 
Catalase + 
Oxidase + 
Carbohydrate acid from: 
Glucose + 
A donitol - 
Arabinose - 
Cellobiose - 
Ethanol - 
Glycerol - 
Lactose - 
Maltose _ 
Mannitol - 
Raffinose - 
Rhamnose - 
Salicin - 
Sucrose - 
Trehalose - 
Xylose - 
Urease - 
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1.11 Cultural and biochemical characteristics of Psuedomonas aeruginosa 
Test 
Psuedomonas 
aeruginosa 
Motility + 
Catalase + 
Oxidase + 
Acid from:  
Glucose + 
Fructose + 
Lactose - 
Maltose - 
Mannitol + 
Salicin - 
Sucrose - 
Xylose + 
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1.12 Cultural and biochemical characteristics of Moraxella osloensis 
Test Moraxella osloensis 
Motility - 
Catalase + 
Oxidase + 
Carbohydrate break down F/O - 
Growth on MacConkey + 
Carbohydrate acid from  
Glucose - 
Maltose - 
Xylose - 
Gelatin liquefaction - 
Urease + 
Tween 80 hydrolysis - 
 
 
1.13 Cultural and biochemical characteristics of Acinetobacter calcoaceticus, 
Branhamella catarrhalis and Nisseria lactamica 
 
Test 
Acinetobacter 
calcoaceticus 
Branhamella 
catarrhalis 
Nisseria lactamica 
Motility - - - 
Catalase + + + 
Carbohdyrate breakdown F/O- - + + 
Aerobic growth + + + 
Grow on nutrient +   
Agar + + + 
Acid from:    
Glucose    
Lactose + - + 
Maltose - - + 
Sucrose - - - 
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Appendix (2) 
2.1 Abudeleg abattoir 
 
 
 
 
2.2 Elobeid abattoir 
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2.3 Camels carcasses at Elobeid abattoir 
 
 
 
2.4 Camel slaughtering at Elobeid abattoir 
 
7KH LPDJH FDQQRW EH GLVSOD\HG <RXU FRPSXWHU PD\ QRW KDYH HQRXJK PHPRU\ WR RSHQ WKH LPDJH RU WKH LPDJH PD\ KDYH EHHQ FRUUXSWHG 5HVWDUW \RXU FRPSXWHU DQG WKHQ RSHQ WKH ILOH DJDLQ ,I WKH UHG [ VWLO DSSHDUV \RX PD\ KDYH WR GHOHWH WKH LPDJH DQG WKHQ LQVHUW LW DJDLQ
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
 162 
 
 
 
2.5 Camels browsing in natural pasture of North Kordofan 
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